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STUDIES ON THE CHEMICAL SIMULATION OF THE ATP- IMIDAZOLE CYCLE 


An attractive facet of the art in organic synthesis 
would be the creation of structures on a template which can be 
re- cycled. Such a strategy has been ~ although used by Nature 
for the bio-synthesis of structures vitally associated with 
life processes - neither exploited nor systematically explored 
thus far. A unique example of template strategy in Nature is. 
the "ATP- Imidazole" Cycle xvherein a daughter imidazole is growr 
on a mobile parent imidazole via a cyclic pathway that is 
linked to the bio-synthesis of the purine codes ATP and GTP 
as well as to the imidazole amino acid histidine. The cycle is 
initiated by 5-aminoimidazole-4-carboxamide by acceptance of 
elements of formic acid to give hypoxanthine which is aminated 
to adenine and then to, by specific 1- alkylation with acetal- 
dehyde equivalent/ followed by Schiff base formation/ hydrolysi 
cyclisation and cleavage to the daughter 5-substituted imidazol 
and the parent imidazole, which now can initiate another cycle. 

The strategy of "growing" the daughter on the parent, 
5-aminoimidazole-4-carboxamide/ can be analysed in terms of the 
step-wise introduction of the needed 1-nitrogen and 3-carbons 
with the amide nitrogen of the parent destined to be part of 
the daughter imidazole. The protocol involves 3-stages, namel;i| 
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1. the introduction of the carbon bridge that connects 
the 2-nitrogen functionalities of the parent. 

1 

2. the specific N -alkylation of the hypoxanthine systeir 
thus formed with -CH^-CiaN-b. 

3. the cyclisation of the ligand thus introduced followe 
by the separation of the parent from the daughter by hydrolytic 
processes. 

In principle/ Nature's versatility can be further 
augmented/ leading to template synthesis of a host of hetero- 
cyclic compounds/ by affixing the operating part of the ATP- 
Imidazole Cycle/ namely/ the vicinally disposed arainocarboxamidi 
unit to an aromatic ring/ whence the template is re-designated 
as anthranilic acid amide. Incorporation of the 1-carbon bridgi 
to thiS/ will now give 3/ 4-dihydro-4-oxoquinazoline in place of 
hypoxanthine of the ' ATP- Imidazole ' Cycle. Since# 3,4-dihydro- 
4-oxoquinazoline can be directly obtained from anthranilic acid 
with formamide/ anthranilic acid would be the more appropriate 
model terrplate. This modification may offer several advantages 
compared to the fragile# multifunctional imidazole moiety that ( 
supports the operating part of the ATP- Imidazole Cycle. Purthei 
the 3-atCTO ligand to be introduced in the specif ic-N- alkyl ation i 
can be varied, leading to the synthesis of a variety of hetero- i 
cyclic systems, regenerating the parent, . 
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The present work, with focus to chemically simulate the 
salient features of the 'ATP- Imidazole' Cycle, incorporates two 
stages of endeavours. The first is related to the preparation 
of specifically and appropriately N-substituted ligands from 
either 3, 4-dihydro-4-oxoquinazoline related to the model terrplate 
anthranilic acid or from hypoxanthine or adenine related to the 
temp 1 ate 5- amino imidazo le- 4- carboxamide . 

The second stage envisages the transformation of the 

specifically alkylated products, obtained from the first stage, 

to the template and product molecules. It was anticipated that 

these objectives, pertaining to the second stage, can be attained 

by three distinctly different pathways, namely, 

0 

II < 

1. cleavage of the ~C N- as in ATP-Imidazole Cycle, or 

2. cyclisation to a tricyclic system, or 

3. regiospecif ic hydrolytic cleavage leading to the 
specific attachment of the resulting CHO function to the amide 
nitrogen of the template parent. Each of these pathways can lead 
to the product molecule and the parent either by convergent or 
divergent pathways. 

It was proposed to prepare the required substrates, 
pertaining to the first stage, by specific N-attachment to the 
templates in order that they may be transformed to the product 

3 

molecules. The N -alkylated systems thus prepared from model 
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template anthranilic acid could be anticipated to lead to, 
via pathways similar to that of the ATP- Imidazole Cycle, 
diverse heterocycles. Thus, the 3-allyl can lead to pyrrole, 
the 3- ( 2 ' --oxoethyl) to oxazole, the 3-(2'-oximinoethyl) to 
N-hydroxy imidazole, the 3- ( 2 ' -iminoethyl) to imidazole, the 
3-(2'-hydroxyethyl) to oxazoline, the 3-(2'-aminoethyl) to 
imidazoline and the 3-aminobenzoyl to oxadiazoline. 

"A* 

The reaction of anthranilic acid (l) with formamide 
gave 3, 4-dihydro-4-oxoquinazoline (2) in excellent yields which 
was transformed readily to the 6-nitro analog 3. 

Reaction of 2 with POCl^ gave 4-chloi?oquinazoline (4) 
which on treatment with CH 2 =CH-CH 2 ~ONa gave the 0-allylether 5. 
Compound _5 underwent smooth [3,3] shift with 0 N migration 
leading to the specifically N-alkylated product 6. Compound 6 
on treatment with OsO^-periodate gave aldehyde 7, which surpri- 
singly was found to exist under normal conditions as a “hydrate" 
to which the novel tricyclic structure 9 has been assigned. 

Either aldehyde J. 'hydrate' 9 gave the ej^ected oxime 1^ 

in good yields. Having a set of authentic N-alkylated compounds 
at hand, endeavours were made to define conditions under which 
they may be prepared directly. In the event, the reaction of 
the sodium salt of 2 in HMPA with BrCH^CHCOEt) ^ gave the desired 


* These numbers refer to those presented in the thesis. 


Section C 
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alkylated product 8. Other alkylation conditions were not 
successful. Compound 8 was correlated to 9/ by treatment with 
warm cone. H^SO^ and to with hydroxyl amine hydrochloride. 

Reaction of 9 with NH^ in refluxing benzene gave, instead 
of the expected Schiff base/ the "ammonia adduct" for which the 
tricyclic structure 11_, analogous to that for 9, has been 
proposed. The propensity of either _7 or the Schiff base, which 
is believed to have been generated in the reaction, to exist in 
the tricyclic form, a behaviour that was further encountered in 
the present work ( vide infra) , can be attributed to the great 
tendency exhibited by the 1-2 bond for addition. This tendency 
was again visible on treatment of 8 with formamide which gave 
the 'formamide adduct' of the N-formyl Schiff base, for which 
structure has been assigned. 

Parenthetically, compounds 9, 11 , 12 and others encoun- 
tered in the present work, although could be processed through 
the cycle, could not be further transfojoned to useful inter- 
mediates, because of their tendency to exist in equilibrium with 
the open structures. Reaction of 9 with aniline gave instead of 
the expected Schiff base, the dimer 13 . 

A parallel set of compounds were readily prepared from 
6-nitro-3, 4-dihydro-4-oxoquinazoline (^) . The reaction of the 
conjugate base of 3 with allylbromide gave the N-allyl derivative 
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14 . Alkylation of 3 with BrCH^CHCOEt ) ^ in HMPA gave the 
esqpected ketal 15 ^ which was transformed in warm cone. ^ 280 ^ to 
the aldehyde hydrate I 6 , analogous to 9, Attempted Schiff base 
formation of with NH^ gave rise to^ as in the case of either 
9 or l_t the ammonia adduct 16a. 

Either the aldehyde 2 or its hydrate 9 underwent ready 
NaBH^ reduction giving rise to the 2 -hydroxyethyl quinazolone 
17 which was also prepared in a direct manner by alkylation of 
2 via its conjugate base with 2-bromoethanol. Compound 12 was 
further characterised as its acetate 18 . 

As predicted/ based on the mechanism of nitroethylation 
of amines, compound 2 underwent smooth nitroethylation to the 
2 ‘ -nitroethylquinazolOne 19_. Attempted transformation of 19 
via the 'Nef reaction to the aldehyde 2 or the hydrate £ did 
not succeed although the nitronate salt could be obtained in 
good yields. The nitroethyl compound 19 was converted to 3-(2‘- 
aminobenzoyl-3, 4- dihydro- 4-oxoquin azoline ( 22) , a useful inter- 
mediate for further transformations along the cycle, via redu- 
ction to the dihydrochloride 21 followed by benzoylation. 

Alkylation of 2 with 1, 2-dibromoethane gave in good yields 

the 2 '-bromethyl compound 22 # which was transformed with aniline 

3 

to the desired appropriately functionalised N -alkylated product 
28 in excellent yield. 
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The conjugate base of 2 underwent ready Michael addition 
with acrylonitrile to give the 2 ' -cyanoethylquinazolone 33 . 
Interestingly, the reaction of 2 with acrolein in presence of 
triethyl amine gave the ejq>ected aldehyde 24, which is homologous 
to 7 and the tricyclic system 23 as an equilibrating composite 
in the ratio 1:3. The tendency of 24 to exist in equilibrium 
with the cyclic isomer 2 ^ is in agreement with the behaviour of 
such systems, already exemplified with 9, JA and 2^ ( vide 
supra ) . 

3 

The reaction of 2 with hydrazine gave the N -amino 
compound 29 _ which was transformed to the N-benzoyl derivative 
3 1 with benzoyl chloride and with acetic formic anhydride to 30 . 
Compounds 31 and 22 ci^n be placed in the cycle leading to the 
formation of daughter oxadiazoles and the parent anthranilic 
acid. 

Interestingly, treatment of 6-nltroquinazolone 2 with 
hydrazine gave in addition to the expected N- amino compound 32 , 
a small yield of the hydrazone 22 whose formation is a refle- 
ction of the increased electrophilic nature of the 4-oxo function 
arising from ring nitro group substitution. 

Parallel studies with the real template related to the 
ATP-Imidazole Cycle, namely, 5-aminoimidazole-4-carboxamide, 
involved the initial transformation of this to either hypoxan- 
thine ( 34 ) or adenine ( 68) . In either of these cases the 
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imidazole ring had to be protected prior to further endeavours 

concerning specific N -alkylation. Reaction of hypoxanthine 

with POCl^ gave 6 -chloropurine (35) , which on benzylation with 

benzyl chloride gave an easily separable mixture of the desired 

9 -benzyl- 6 -chloropurine (36) and the isomeric 7-benzyl-6-chloro- 

purine (37) . Both 2 ^ and 37 were transformed to the 0-allyl 

ethers 38 and _39 via reaction with CH 2 =CH-CH 2 -ONa. 6 -chloro- 

purine (35) could be regioselectively protected at the 9-position 

leading to 9-tetrahydropyranyl-6-chloropurine (£1^ which was 

converted to the 0-allyl ether It was observed that the 

[3,3j transformation of the 9-benzyl- 6 - allyloxy purine (^) gave 

1 

the expected specifically N -alkylated benzyl hypoxanthine ^ in 
good yields. In contrasty similar transformation of either 39 ^ 
or 42 was complex. 

1 

The structure of the N -allyl hypoxanthine arising from 
the [ 3 , 3 ] rearrangement of 38 was confirmed by direct alkylation 
of the conjugate base of 9-benzyl hypoxanthine 43 with allyl- 
bromide. 'The 9-benzylhypoxanthine £3 was, in turn, prepared by 
hydrolysis of 36 under very carefully controlled conditions. 
Compound 43 has been demonstrated as a useful substrate for the 
preparation of specifically N -alkylated compounds of relevance 
to the ATP- Imidazole Cycle by reaction with BrCH2CH(0Et ) ^ in 
HMPA to the acetal 44. As was observed with 8^ compound _44 could 
be transformed to the corresponding aldehyde 45 , that existed 
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predominately as the "hydrate", with cone. H^SO^, Attempted 
Schiff base formation of 4_5 or its hydrate with dry NH^ gave 
the tricyclic system 46 , similar to that in the 7 ^ change. 

The reaction of 9-benzylhypoxanthine (4^) with benzyl- 
bromide gave the specifically N-alkylated, 1,9-dibenzyl compound 
72. Thus, this procedure could be used for the preparation of 
appropriately N -substituted hypoxanthines that could be further 
transformed into benzohetrocycles by the template strategy. 
Similarly, the reaction of O with 2-bromoethanol gave the 2'- 
hydroxyethyl alkylated compound 7 3 

Adenine ( 68 ) was specifically alkylated to 9-benzyl adenine 

( 69) . Reaction of 69_ with ethylene bromohydrin gave, rather than 

the expected regioselectively alkylated salt that could be further 

transformed hydrolytically to the template araide, as in the ATP- 

1 

Imidazole Cycle, the neutral, specifically N -alkylated imino 
compound 7^. The benzyl ation of vjas carried out under a 
variety of conditions using benzylbromide. In every case a 
neutral compound 70 , similar to 7_1 was obtained. This basic 
difference in the alkylation of adenines betv;een the vivo 
situation leading to a salt and in vitro experience that gives rise 
to neutral imino compounds would require a different strategy for 
the rupture of the 1-6 bond of this system, which is crucial to 
the generation of the parent template. This could be achieved 
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with the neutral systems such as 70 and 71 by fragmentation via 
an appropriately placed leaving group at the 1' -position, leading 
to a nitrile, as the amide equivalent of the template. 

With the preparation of a variety of specifically and 
appropriately sxibstituted ligand systems belonging to the quina- 
zolines and purines - the objective of the first phase - endea- 
vours were initiated to further transform these compounds along 
the cycle via strategy outlined earlier, namely, a combination of 
sequences that necessarily would involve cyclisation and hydro- 
lytic rupture, ( vide supra ) . Based on pKa considerations a set 
of such 3-svLbstituted systems were considered to be appropriate 
for the processing by sequence, cyclisation of the ligand conju- 
gate base to a tricyclic system, followed by hydrolytic rupture 
and another set where it was felt that it would be advantageous 
to effect the cleavage first and cyclisation later. 

The reaction of 3-allyl-3,4-dihydro-4-oxoquina20line with 
PhLi followed by aqueous workup gave the PhLi adduct 54 and a 
small yield of 2-amino-N-allylbenzamide ( 55 ) . It was further 
demonstrated that ^ is readily transformed to 55 by brief heating 
followed by work up. The ready formation of is noteworthy, 
not only because it is a novel finding but also because it demons- 
trates that the aminoacetal functionality present in such adducts 
are quite stable. To promote cyclisation over the addition to 
the 1-2 bond which accounted for the formation of 54 from 6, 
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compoTond 6 was converted to the acetyl salt 42* Reaction of ^£7 
with MeLi gave the open structure 48, again arising from addition 
of elements of MeLi to the 1-2 bond. Reaction of 47 with NaH, 
which is a strong base, at the same time a very ineffective 
nucleophile, gave, in very good yields, the amide 49, arising 
out of a sequence of reactions. Reaction of 42 with MeMgl gave 
none of the 1-2 adducts encountered with organolithi'um reagents, 
but compound ^ which is a ligand n isomer of _6, The isolation 
of compounds 49 and 52 that involve the isomerisation of the 
terminal Tt of the starting 42 to an internal one, provides proof 
for the formation of the expected conjugate base of 42* The 
trimethyl silyl salt 21 prepared in good yields from 6, gave on 
reaction with BuLi, the cyclic adduct 52, and the open isomer 
53 , which are similar to that obtained by reaction of 6 with 
PhLi, namely 54 and 55. It is quite possible that the ready 
de-silylation of 52 6 takes’place under the conditions of the 

reaction prior to the interaction with the organolithi'um reagent. 
Studies with 6 and its salts 42 and 51_ have brought out the great 
tendency of electron excess reagents to add to the 1-2 bond of 
quinazolones and the tendency of such systems for ready rupture. 
Consequently, in this series, although the expected sequence of 
reactions, namely, conjugate base formation and cyclisation could 
have occurred, the products being in equilibrium with the open 
presursors, such tricyclic systems perh^s were not encountered 
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because of the ready removal of 6 and its salts via nucleophilic 
addition followed by ring rupture. 

3-(2'-hydroxyethyl)-3,4-dihydro-4-oxoquinazoline (j^) was 
chosen as a probe to test this conclusion. Reaction of 1/7 with 
either PhLi or n-B-uLi gave the adducts ^ and It is concluded 

therefore that the reaction of 1/7 with the organometallic- compounds 
must have resulted in the formation of the expected ligand conju- 
gate base, which, on the basis of the demonstrated electrophilic 
character of the 1-2 bond must have cyclised to give the expected 
tricyclic system, as the conjugate base of the anticipated 
product. The formation of ^ and _57 then can only be rationalised 
on the basis of equilibrium involving the conjugate base of V]_ 
and that derived from the cyclisation, this situation being 
disturbed by the irreversible removal of j/7 by addition of the 
organometallic reagent, which acts as the external nucleophile. 

The Michael adduct 26 offers multif acetted opportunities 
for interaction with PhLi. The latter, as a nucleophile, can add 
to either the nitrile function, that could undergo cyclisation to 
the 1-2 bond or add to the 1-2 bond of the quinazolone system in 
26 . The organometallic compound can act also as a base to form 
the conjugate base of 26 that again could undergo cyclo- addition 
or retro-Michael reaction. In the event, the reaction of 7^ with 
PhLi gave as the major product 2 arising from a retro-Michael 
process. The reaction also gave, in modest yields, the PhLi 
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adduct 59/ arising from prior nucleophilic addition to the 1-2 
bond followed by retro-Michael reaction. 

pKa considerations favoured the 2 ' -anil ino ethyl quina- 
zolone 28 as a proper substrate for cyclisation leading to 
tricyclic compounds of relevence to the cycle. In the event, 
reaction of 28, with in situ generated Li-di-n-butyl amide gave a 
mixture from which a modest yield of the open product ^ could 
be isolated. The formation of ^ again demonstrates, that 
although the expected cyclisation may have been favoured, as a 
consequence of its being in equilibrium, the overall reaction 
took a different course via removing the sxabstrate by addition 
of an external nucleophile, followed by rupture. 

The 3-substituted quinazolones were endeavoured to be 
placed in the cycle via initial hydrolysis followed by cycli- 
sation and rupture. It may be noted that the initial adduct 
arising from hydroxide and the 1-2 bond of quinazolone could, 
being symmetrically placed between two nitrogens, rupture by two 
pathways that could result in the attachment of the nascent 
formyl unit either to the 1st or the 3rd nitrogen atom. With 
respect to further reactions in the cycle, such a cleavage has 
to take place at the 1-2 site leading to the attachment of the 
formyl unit to the 3-nitrogen, The point of concern is that 
such systems, necessarily being bis amides are expected to be 
quite prone to further hydrolysis that may result in the loss of 



XX 


■this ligand. Finally, the products of hydrolysis of the 1-2 bond 
could be processed along the cycle via further cyclisation. 

The reaction of 3-allyl-3, 4-dihydro-4-oxoquinazoline 6 
with dil. alkali followed by benzoylation of the resulting 
mixture, gave the allylamide 6£, the benzoxazone (^) and benzoyl 
anthrahili’c acid ( 65) , the last t-wo arising from the anthranilic 
acid formed in the reaction. Compound 6^ is related to the 
hydrolysis product o-aminobenzoic acid allylamide, arising from 
hydrolytic cleavage and hydrolysis, resulting in the removal 
of the carbon at the second position. 

Since N-formyl anthranilic acid 6^ gave, under the condi- 
tions of hydrolytic cleavage described above^ anthranilic acid, 
the formation of o-aminobenzoic acid N-allyl amide from 6 gould 
be a result of ei'ther the 1-2 or the 2-3 bond cleavage. 

The hydrolytic cleavage of 2A, the 6-nitro analog of 6 was 
quite facile and gave rise to 5-nitroanthranilic abid in good 
yield. 

The reaction of 2, 2-diethoxyethyl-3, 4-^hYdroxy-4-oxo- 
quinazoline (8) with aqueous hydroxide led to the complete 
disintegration of the unit to the parent model tempi a-te anthra- 
nilic acid, the nitrogen functionalised ligand, namely, the 
diethyl acetal of amino acetaldehyde and formic acid which was 
not isola'ted. 



Similar results were obtained on treatment of the 6-nitro 


anolog of 8, namely 15, with aqueous hydroxide. 

The reaction of 2' -nitroethyl, 3^ 4— dihydro-4~oxoquinazoline 
( 19) with aqueous hydroxide^ gave, as the only isolable product, 
anthranilic acid which was characterised as the benzoxazone 61 . 

The reaction of 3-benzoyl amino-3, 4-dihydro-4-oxoquina-- 
zoline (31.) with aqueous alkali gave again products, none of 
which contained the 2-carbon unit. This reaction gave compounds 
67 , 66 and 1^, representing various stages of hydrolysis. 

The aqueous alkali cleavage of the 3-substituted 3,4- 
dihydro-4-oxoquinazolines has not given products that could be 
processed on the cycle. Also no definite conclusions could be 
arrived at, relating to which of the two bonds, namely, 1-2 or 2-3 
undergoes the initial cleavage. 

The [ 3 , 3 ] shift in the quinazoline and purine series was 
taken advantage of, for the preparation of specifically N- alky- 
lated coirpounds of relevence to the cycle ( vide supra ) . It was 
envisaged that such a strategy, particularly involving reactions 
initiated with the [3,3] shift of oxime ethers and hydrazones 
belonging to the quinazoline and purine series could lead to 
specifically N-alkylated products that can undergo further 
transformations, under the conditions of the reaction, along the 
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desired cycle/ progressing even to the generation of the template 
and the product. 

Thus, the initially formed [3/3] shift products/ derivable 
either from the oxime ethers or hydrazones, related either to 
the quinazolone 2 or hypoxanthine (M) / could undergo further 
cyclisation readily and the resulting tricyclic systems could be 
readily transformed to the parent templates and the daughter 
imidazoles. In the case of such [3,3] transformations with 
hydrazoneS/ the tricyclic systems arising from cyclisation of the 
primary [3,3] shift/ could undergo further fragmentation to the 
product imidazoles with the concomitant generation of the carbonyl 
fxinction of the template as a nitrile equivalent. In the case of 
oxime ethers as well as with hydrazoneS/ such tricyclic systems 
could be hydrolytically transformed to the daughter imidazoles 
and the templates. 

The reaction of 4-chloroquin azoline (;4) with the conjugate 
base of acetone oxime, gave the expected oxime ether 74 , which 
underwent rearrangement on neat thermolysis giving rise to 
compound 75. Alternately, reaction of 4, with hydrazine gave 
6-hydrazinoquinazoline 76 which was converted to hydrazone 77 , 
with acetone. Reaction of 11 _ with PPA, under conditions normally 
employed for the Fischer- Indole cycl is at ions gave, 3 , 4-dihydro-4- 
oxoquinazoline and the triazole 78 , arising from a deep seated 
rearrangement. 
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9-ben2yl-6-chloropurine (36) was transformed to the oxime 
ether 79 and the hydrazine The reaction of 7-benzyl- 6-chloro- 

purine ( 37 ) similarly gave the oxime ether _80. Thermolysis of 
these compounds gave mixtures. 

Interestingly, the oxime ether 8_2 prepared from 6-chloro- 
9-tetrahydropyranylpurine (_^) on thermolysis gave the hypoxan- 
thine 83 ♦ 

The known tricyclic system _88 was prepared by a route 
so chartered, that, its acquisition and subsequent changes would 
constitute yet another strategy for the chemical simulation of 
the ATP- Imidazole Cycle, with the anthranilic acid as the model 
parent template. 

In this approach the parent template anthranilic acid 
was transformed with KCNO to 84 , and then to 2, 4-dichloroquinazo- 
line 8^. Reaction of 85 with ethylene chlorohydrin gave the 
2 ' -chloroethylether _86 which on mere distillation rearranged, 
regioselectively, to 3- ( 2 ' -chloroethyl) -2-chloro-3 , 4-dihydro-4- 
oxoguin azoline Parenthetically, the 8^ ^]_ change involves 

the displacement of halogen followed by its re-acceptance at the 
alternate location. This transformation can, in principle, be 

3 

used for the synthesis of a variety of N -substituted quinazolines . 
Reaction of 87 with aniline gave the tricyclic system 88 in good 
yields. 
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The placement of 88 in the cycle leading to the formation 
of N-phenyl imidazoline and parent anthranilic acid, would require 
the reduction of the 1-2 bond of the quinazoline moiety. Attem- 
pted reduction of the 1-2 bond of the quinazoline moiety of 88 , 
which is highly electron rich by virtue of attachment of the 2- 
centre to three nitrogen atoms, was found to be extremely diffi- 
cult. Forcing conditions such as with NaBH^/AlCl^ in hot diglyme, 
gave product 89 arising from the loss of the 4-oxo function. 
Addition of nucleophiles to 88 also did not succeed. Treatment 
of ^ with PhLi gave the interesting tricyclic compound 90 , The 
contribution of the N-phenyl moiety to the difficulty in the 
reduction has been demonstrated. Thus, whereas the trimethyl- 
si lyl salt 92 prepared from 88 could not be reduced with NaBH^, 
compound 51 , arising from 6 gave a good yield of the reduced 
product 91 . 

In the present work, the objectives with reference to the 
first stage, namely, the preparation of a variety of suitable 
specifically N-alkylated systems affixed to either the teirplate 
or the model template has been, by and large, accomplished. The 
second stage, relating to the further transformations of such 
systems to the daughter products with the regeneration of the 
templates, could not be solved. However, these investigations 
have brought out quite clearly subtle facets associated with the 
chemistry of quinazolines and purines. In the case of quina- 
zolines, the highly electrophilic nature of the 1-2 bond, that 
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provided a pathway for the removal of the tricyclic systems that 
existed in eqruilxbrium, made cyclisation studies infructuous. 

The present work has shown that the conditions for the successful 
cyclisation is delicately poised and it has helped to define 
circumstances, where such a cyclisation can take place. The 
hydrolytic cleavage studies of the N -sxibstituted quinazolines 
gave invariably products where the 2-carbon of the parent was 
removed. It can be concluded that the scission of the 4-oxo 
grouping would be more attractive, compared to addition to the 
1-2 bond and this may be achieved by blocking the 2-position by 
substitution. Both in the case of hypoxanthine and adenine, 
related to the parent template, and in the case of quinazoline 2 
related to the model template, the cleavage of respectively, 
either the 1-6 bond or the 3-4 bond could be brought about by 
hydrolysis or by fragmentation. Studies with adenine has shown 
that the latter strategy could be quite promising. 

In sum, the present work has enabled the construction of a 
broad based strategic frame work, that would eventually pave the 
way for the realisation of the solution relating to the chemical 
simulation of the salient features of the ATP- Imidazole Cycle. 
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A. INTRODUCTION 


The strategies used in nature relating to the construction 
of a variety of molecules should reflect the consequences of evo- 
lution and experiences covering a span of a number of years. 

In sharp contrast, the in vitro synthesis of diverse organic 
compounds is an area that is often goal oriented and much of the 
developments in this area took place in the preceding five 
decades. Consequently, the art in biosynthesis, often, is an 
example of a very high degree of sophistication in the art of 
organic synthesis. The chemical simulation of such processes 
therefore would lead to the addition of a new dimension to 
synthetic procedures and would make synthetic operations more 
elegant and more economical. Of particular interest is the fact 
that vital synthetic operations related to life, proceed by 
cyclic pathways. Thus, the transformation of carbondioxide to 
sugars - Calvin Cycle - takes place by a cyclic pathway involving 
a pentose. The Kreb's cycle, centrally associated v/ith carbo- 
hydrate metabolism as well as with the bio-synthesis of a variety 
of essential substances, proceeds by a cyclic operation. The Urea 
cycle is another elegant illustration of nature^s strategy where 
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two cyclic operations act in concert. The choice by nature to 
use cyclic pathways exemplifies a high degree of evolution in 
organic synthesis^ since, such a strategy offers more advantages 
with reference to yields, versatility and efficiency. Even 
amongst such elegant cyclic operations pertaining to biosynthesis, 
the ATP- Imidazole Cycle should be considered unique, since, it 
is not only associated with the biosynthesis of histidine but 
also ATP and GTP, that enable the maintenance of life systems at 
the required high potential. In addition, this cyclic process 
illustrates the formation of a daughter imidazole molecule on a 
parent imidazole template. The details relating to this have 
been presented in Section B, 

The present work is an endeavour to chemically simulate 
the salient features of the ATP- Imidazole Cycle. 



B. BACKGROUND 


THE ATP- IMIDAZOLE CYCLE: 


Template mediated reactions in life processes, by and 
large, take place in 2 phase media where the operating part 
of the system is incorporated on a polymer backbone. A unique 
exception to this feature is the ATP-Imidazole Cycle - related 
to the biosynthesis of ATP, GTP and histidine - wherein a mobile, 
monomeric imidazole acts as a template to produce a daughter 
imidazole. The pathways by which this cyclic event takes place 
became known as a result of extensive and painstaking experiments 
The salient features of the ATP-Imidazole Cycle are illustrated 
in CHART B.l. 

A cyclic operation can be defined as a process where the 
starting material in the first step becomes product of the last 
step. In the case of the ATP- Imidazole Cycle, the synthesis of 
the daughter product is initiated with 5-amino-l-ribosyl-4- imida- 
zole- carboxamide- 5’ -phosphate ( 3.) . In the last step, in addition 
to the regeneration of 1, imidazoleglycerol phosphate (_2) is 
formed which is restructured in subsequent processes to histidine 
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The overall process essentially involves the use of the 
proximately aligned NH 2 ^ CONH 2 groupings in _1 .to generate, 
sequentially, the hypoxanthine ring system 3, the adenine 4, the 
specifically l-alkylated phosphoribosyl ATP (5) , phosphoribosyl 
AMP (6), the ring ruptured phosphoribosyl formimino-l- ( 5' -phos- 
phoribosyl) -4-imida2:olecarboxamide (7), the Amadori rearrange- 
ment product phosphoribulosyl formimino- 5- amino- 1- ( 5 ' -phos- 
phoribosyl) -4- imidazole carboxamide (8), which on amination with 
glutamine, followed by cyclisation and rupture leads to _1 and 2 
(CHART B.l) . 

The strategy involved in the above cycle can be abstracted 
as shown in CHART B.2, from which it is obvious that only a single 
nitrogen from 1 appears in the daughter product. 

The bio-synthesis of the template 1, as presented in 
CHART B.3, proceeds from phosphoribosyl pyrophosphate (9_) via 
sequence- amination to 5-phosphoribosyl amine (jLO) , amide formation 
with glycine to 11 , specific N-formylation to N-formyl glycin- 
amide ribonucleotide ( 12 ) , amination with glutamine to 13 , 
cyclisation to 5-aminoimidazole ribonucleotide (14), which then 
undergoes an unusual ortho carboxyl at ion with CO^ to give , 
which undergoes amidation with aspartic acid giving rise to 
The daughter product from the cycle, namely, imidazole glycerol 
phosphate {2} is transformed to histidine ( 16 ) through inter- 
mediates, imidazole acetol phosphate ( 17) , histidinol phosphate 
( 18) , histidinol ( 19 ) and histidinal (20) (CHART B.4) . 



CHART B.f 



RPPP 


ASP+GDP 



CHART B.2 




CHART B . 
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Details pertaining to the delineation of pathways outlined 
above, form the remaining part of the section. 

Biosynthesis of 5--amino-l-ribosyl-4«-imidazolecarboxamide- 5*- 
phosphate (j.) 

The primary reaction in the novo synthesis of purines 
is the replacement of the 1-pyrophosphate moiety of phosphoribosyl 
pyrophosphate (9) with an amino group leading to _1£. As anti- 
cipated on the basis of a nucleophilic displacement process, the 
incoming amino function takes up the p -configuration. Compound 
10 being hemi- amino acetal, is quite unstable and the propensity 
for the rupture of the furanose ring should be curbed by acylation 
of this unit, which is accomplished with glycine leading to 11 . 
Studies have shown that the enzyme that promotes the 9 to 1^ 
change is a single compound and the process is believed to be 
essentially irreversible. The acylation process involved in 
10 — ^ Id change is catalysed by enzyme that requires ATP acti- 
vation. Parenthetically, the acylation reaction has been demons- 

1-3 

trated to be reversible. Compound 3d is formyl ated in the 

5 10 

presence of the coenzyme, N ,N -anhydroformyl tetrahydro folic 
acid, to the N-formyl compound The enzyme catalysing this 

reaction has been purified and the process is greatly enhanced 

2+ 4 5 

in the presence of Mg and ribose-l-phosphate. ' 
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The template 1 consists of two ring nitrogens as part of 

the imidazole system. The reaction outlined above have led to 

the introduction of these, starting from £. The remaining two 

nitrogens, namely, those present in the 5-amino group and the 

4-carboxamide are incorporated subsequently. The 5-amino group 

is introduced via transformations of the acetamide to the 

corresponding amidine with glutamine. This reaction, as 

6 

anticipated, requires ATP activation. The open chain unit, 
sequentially thus constructed from is cyclised to an imida- 

zole involving ATP activation leading to 5- amino imidazole- 

g 

ribonucleotide In the next step, the enamine unit present 

in ]A accepts elements of CO^ leading to the introduction of the 

4-carboxylic acid unit. The incorporation of CO 2 has been 

established by labelling experiments and the enzyme involved has 

7 

been partially purified. The transformation of the carboxylic 

acid function in 1.5 to the amide 1 is accomplished by ATP 

mediated amide formation with aspartic acid, followed by fumaric 

acid elimination. Each of these steps are catalysed by different 

enzymes and it is possible to isolate the intermediate amide. 

Interestingly, the two enzymes involved coexist and it has been 

shown that either of the enzymes is devoid of any activity in the 

8 9 

reaction catalysed by the other. * The template amide 1, thus 
constructed (CHART B.3) now enters the ATP- Imidazole Cycle 
(CHART B.l), 
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The first step in the ATP- Imidazole Cycle is the formy- 

1 at ion of the 4- amino function which is again brought about by 
10 

N -formyl tetrahydrofolic acid. A trans- formyl ase catalyses 

this reaction but it has been thus far proved difficult to 

separate this from the enzyme inosinicase^ which is involved in 

the step II of the cycle. Two folic acid mediated formylations 

have been described thus far. Interestingly, it has been 

5 10 

demonstrated that N ,N -anhydro formyl tetrahydrofolic acid 

specifically donated its formyl group in the change 

10 

(CHART B.3) and that N -formyl tetrahydrofolic acid is the 

immediate donor in the transformation of the template 1 to the 

12 13 

corresponding formamide. ' (CHART B.l), An integrated picture 
of the two transformyl ation reaction is presented in CHART B.5. 

The step II of the cycle leading to the hypoxan thine 
system 3 is readily brought about by the enzyme inosinicase. 
Indeed, attempts to demonstrate the accumulation of the formyl 

14 

precursors failed owing to its extremely ready conversion to _3. 

Compound 3, thus formed in step II can either be processed 
further in the cycle or transformed to Guanosine monophosphate 
(GMP) , a precursor of GTP. The latter transformation requires 
two changes, namely, the introduction of a hydroxyl group in 
2-position and its subsequent replacement by an amino group. 

The first step involving hydration and oxidation requires the 
coenzyme DPN and the enzyme Inosinic dehydrogenase. The donor 



n r\ 



RP = Ribose phosphate j TPN = Triphospho pyridine nucleotide. 
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of the amino group depends on the organism. In avian and 
mammalian systems, glutamine is the preferred donor, whilst in 
bacterial systems ammonia is selectively used. The process 
involves ATP activation (CHART 

The hypoxanthine 3 is further transformed in the ATP- 

Imidazole Cycle to AMP, the amino nitrogen being provided by 

20 

aspartic acid as in the case of ^ (CHART B.3), Interestingly, 
whilst ATP activation is needed in the transformation of _3 to 
GMP, in the amination reaction leading to AMP, GTP activation 
is required I 


This activation is required in the formation of the 
adenosine monophosphate succinate which is then cleaved to 
fumaric acid and AMP (4) . The mechanism of the addition- elimi- 
nation process, studied with labelled substrates, shows that 
the cleavage to 4 takes place in a trans fashion specifically 
leading to fumaric acid. The lack of noticeable H- isotope effect 


in the cleavage reaction is concluded as an indication of involve- 

21 V , 

ment of an intermediate. Presumably the slow step is y 


protonated intermediate that can be expected to cleave very 


rapidly. 


The transformation of AMP — > ATP, the next step (v) in 
the cycle is accomplished by substrate level phosphorylation 
which is generally catalysed by kinase enzymes. The ATP thus 
produced is, naturally, if needed, available to the system. 



CHART B.6 



4 





I 





15 


Specific N- alkylation of ATP with ribose phosphate leading 

to the key compound 5 is mediated by the enzyme phosphoribosyl- 

ATP-pyrophorylase. This alkylation is reversible and is strongly 

22 

inhibited by histidine. 

Studies with an extract. of a histidine requiring mutant 
of salmonella typhlmurium have shown that the next step in the 
ATP- Imidazole Cycle is the hydrolysis of 5 to phosphoribosyl 
AMP (6) . This reaction is catalysed by the enzyme PR-AMP- 
pyrophosphohydrol ase . 

In the next step of the cycle, in corrpound 6, the 1-6 bond 

is specifically, hydrolytically cleaved, by the enzyme PR-AMP- 

1, 6- cyclohydrolase leading to compound 7, wherein the carboxamide 

23 

moiety present in template 1. is regenerated. 

Further insight related to the events that take place in 

' \ 

the cycle have been obtained from investigations using extracts 
of depressed histidine requiring mutants of salmonella typhi- 
murium . These endeavours have demonstrated that compound 2/ 
undergoes a rather unusual ’Amadori' type rearrangement leading 
to the amidine 8. ' The 2 8 change can be rationalised on 

the basis of a series of favourable 1, 3 prototropic shifts as 
illustrated in Chart B.7, 

The final step in the ATP- Imidazole Cycle, namely, the 
transformation of 8 — > 2 + 1 is initiated with the introduction 
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of the 1“N of 2 with glutamine/ a process that requires ATP 
activation. The resulting imino compound undergoes facile 
cyclisation to an aminal which can be considered as a composite 
of the template imidazole 1 and the daughter product 2 attached 
by a fragile aminal lambilical chord whose rupture leads to the 
delivery of the daughter products (CHART B.8) .. 

Salient features relating to the further transformations 

of the daughter product 2 from the ATP- Imidazole Cycle to 

histidine already been presented in CHART B.4. The first 

step is a specific dehydration by the enzyme de-erythroimidazole 

glycerol phosphate dehydrase. This enzyme has been partially 

+ 2 

purified and requires Mn ions and a reducing agent such as 

mercaptoethanol for activity. The optimum pH for the 2 — ^ 1/7 
28 

change is 7.5. 

The trans-amination reaction on 17_ leading to histidinol 

phosphate has been well studied. The enzyme responsible for 

this reaction, namely, imidazole acetol phosphate transaminase 

has been purified and is shown to require pyridoxal phosphate 

for its activity. Interestingly, the 1/7 — ^ 18 change, mediated 

by the above enz 3 irme system and L-glutamic acid is effective only 

29 

with the phosphate ester and not the free alcohol. 

Hydrolysis of the phosphate 18 to histidinol is brought 

30 

about by a substrate specific hydrolytic enzyme. 
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The further transformation of histidinol to histidine has 

f 

been carefully examined. The overall oxidation takes place in 
two stages involving histidinal as a fugitive intermediate. 

Both the oxidations appear to be catalysed by the same enzyme 

+ . 30-32 

and DPN is the common oxidising coenzyme. 

The above account relating to the ATP- Imidazole Cycle 
is a description of a most meticulously orchestrated process, 

wherein each of the participants, whether they are substrates, 

cf 

enzymes or co-enzymes, pla;^-' their roles to utmost perfection, 

The cycle also illustrates a highly developed art of organic 
synthesis and it is most likely that the final details evolved 
over a period of time and as a result of extensive experimentation. 



C. PRESENT WORK 


A discussion of the research planned 

The strategy of growing the daughter on the parent 
5-amino-4-imidazole carboxaraide can be analysed in terms of the 
stepwise introduction of the needed one nitrogen and three carbons, 
with the amide nitrogen of the parent, destined to be part of the 
daughter molecule. The protocol, which involves three distinct 
stages, as illustrated in CHART C.I, involves, 1, the introduction 
of the carbon bridge that connects the two nitrogen functionalities 
of the parent, 2. specific alkylation with -CH 2 ~^=N-d, and 3, 
;eyclisation with hydrolysis. Parenthetically, a cyclic strategy 
enables presentation of the overall change in terms of synthetic 
and antithetic analysis, as a composite picture. Thus, in CHART 
C.I, the clockwise arrows indicate the synthetic route and the 
anti- clockwise arrows, the antithetic analysis. 

In principle, the versatility of the ATP-Imidazole Cycle 
can be further augmented leading to the template synthesis of a 
host of heterocyclic compounds as illustrated in CHART C.II. Thus, 
the parent imidazole pertaining to the ATP-Imidazole Cycle 
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(CHART C.I) can be redesignated by affixing the operating part 
of the cycle onto an aromatic ring, leading to anthranilic acid 
amide. It was anticipated that such a modification could offer 
several advantages compared to the reactive, multifunctional 
imidazole moiety that supports the operating part in the ATP- 
Imidazole Cycle. Interestingly, a similar set of sequences from 
anthranilic acid amide would necesarily involve the incorporation 
of the HCOOH equivalent leading to 4-oxoquinazoline, Additionally, 
the S-atom backbone that is necessary in the specific al'lcylation 
can be varied, the ligands attached to it diversified, thus giving 
rise to the synthesis of a variety of heterocyclic systems, 
regenerating the parent (CHART C.II). 

In the present work, it was proposed to implement the 
objectives in terms of the three stages referred to above. It 
was realised that the daughter products could be generated from 
the parent from the specifically alkylated first step, in a 
variety of ways, that could even combine the second and third 
stages of the cycle, either via a sequ.ence involving cyclisation 
and rupture or by the reverse operation, namely, rupture and 
cyclisation. Thus, the products arising fromi the specific 
alkylations can be converted back to the template and the product 
molecules via three distinctly different pathways namely, 

1. cleavage of the CO-NH as in ATP- Imidazole Cycle or 2. cycli-- 
sation to a tricyclic system or 3. regiospecif ic hydrolytic 
cleavage leading to the specific attachment of the resulting -CHO 
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function to the amide nitrogen of the template parent. Each of 
these three pathways can lead to the product molecule and the 
parent as indicated with dotted lines in CHART C.III/ either 
by convergent or by divergent pathways. In the present work 
parallel studies have been carried out using anthranilic acid or 
5-aminoimidazole-4-carboxamide as the parent templates. The 
overall plan of work is illustrated in CHART C. IV using anthra- 
nilic acid as the parent. It was proposed to prepare the required 
substituents at the 3-position in order that they may be trans- 

3 

formed to product molecules. The N -alkylated systems could be 
anticipated to lead to, via pathways similar to that of the ATP- 
Imidazole Cycle, to diverse heterocycles. Thus, the 3-allyl can 
lead to pyrrole, the 3- ( 2 * -oxoethyl) to oxazole, the 3- (2'-oximino- 
ethyl) to N-hydroxyimidazoles, the 3- ( 2 ' -iminoethyl) to imidazoles, 
the 3- ( 2 ' -hydroxyethyl) to oxazoline and the 3-(2'-aminoethyl) to 
imidazoline (CHART C. IV) . In all these cases the parent anthra- 
nilic acid would be generated. 

The preparation of specif ically N-alkylated precursors 

The present v 7 ork reports results pertaining to salient 
features of the chemical simulation of the ATP- Imidazole Cycle 
via parallel series of experiments starting from the model system 
anthi'anilic acid and the parent relating to the ATP- Imidazole 
Cycle itself, namely, 5-aminoimidazole-4-carboxamide. Studies 
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were initially .carried out with anthranilic acid series and then 
were translated to the imidazole system. 

The synthesis of specifically N- alkylated caiinazolines : 

The nitrogen centre/ that is the nucleus for the further 
metamorphosis to template mediated preparation of heterocyclic 
systems, was introduced by the incorporation of elements of 
formamide via reaction of anthranilic acid (_l) and formamide. 
Thus an intimate mixture of anthranilic acid (1.) and formamide 
when held at ISO'^C gave 3, 4-dihydro-4-oxoquinazoline in 85% 
yield^^'^"^ (CHART C.l). 


^ : mp, 216°C 

ir : V (KBr) cm~^: 3200, 3170 (NH) , 1700 (amide carbonyl). 

rn0JX! 


In endeavours to promote cyclisation of the specific 
N-alkylated quinazolones, the 6-nitro analog of 2 was prepared 

35 

via treatment of 2 with a nitrating mixture, in excellent yields 
(CHART C.l). 


3 : mp. 286°C 

ir : V (KBr) cm~^: 1675 (amide carbonyl), 1610, 1575 
(C=C, C=N) , 1510, 1350 (NO^) . 
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3 

The specific N -alkylation of the quinazolone 2 was 
accomplished by a novel [3,3] shift. Thus, compound 2 v;as trans- 
formed to 4-chloroquinazoline (4) with POCl^^"^ which was trans- 
formed to 4-allyloxyquinazoline 5 in 80% yields via treatment 
with the conjugate base of allylalcohol. Compound 5 when thermo- 

lised under nitrogen at 200°C, for 24 hr, gave a 75% yield of the 

3 6 3 7 

desired 3-allyl-3/ 4-dihydro-4-oxoquinazoline ' (CHART C,2). 

The structural assignment fgr _5 and 6 is supported by spectral 
and analytical data. Inspite of the great interest in [3,3] 
rearrangement (Claisen rearrangement) such a change has not been 
demonstrated in the quinazoline series. Interestingly this 
rearrangement involves an 0 — ? N carbon migration. 



6 J 


bp. 130°C/0.2 mm 

ir : V (neat) cm~^; 3070, 3040 (aromatic, olefinic CH) , 
max 

1620, 1570 (C=:C, C=N) , 1090 (C-0) . 

nmr: 6 (CDCl^) 60 MKz : 5.0 (m, 2H, -O-CH^-CK-) , 5.2 (m, 2H, 
-CHcrCH^) , 6.1 (m, IH, -CH=CH 2 ) , 7.25-8.5 (m, 4H, 
benzene ring), 8.66 (s, IH, pyrimidine ring). 

mp. 65°C 

ir : ^^^^(KBr) cm“^: 1675 (amide carbonyl), 1615, 1570 
(c=c, C=N) . 




29 


nmr: 6 (CDCl^) 60 MHz: 4.55 (dd, 2H, -N~CH^-CH-) , 5.4{m, 2H, 
-CH=CH2) , 6.1 (m, IH, -CH=CU^) , 7.25-8.5 (m, 4H, 
benzene ring), 8.66 (s, IH, pyrimidine ring). 


The formation of 6 by a [3,3^ shift in _5 establishes the 
site of alkylation in the desired 3-position. Initially we felt 
that this was needed, not only to illustrate a strategy that would 
lead to the desired specific nitrogen alkylation, but also to 
ensure that the first stage relating to the chemical simulation, 
namely, the alkylation has taken place in the desired manner. It 
may be noted that in the case of 3, 4-dihydro- 4-oxoquin azoline (_2) 
alkylation with an allyl residue could take place either at the 
1 or the 3-positions. In the initial stages of the development of 
the chemistry of quinazolines, there had been some discussion 
about the site of alkylation. Currently, such alkylations derived 
from the conjugate base of 2 are assigned the 3-alkylated structures 

3 

In the present case having a specifically N -alkylated quinazoline, 
namely, 6, at hand, it was possible to correlate this product w’ith 
that obtained by direct alkylation of the conjugate base 2 with 
allylbromide. The compo\inds obtained via both pathways were 
identical, A similar set of correlations were carried out by 
further transformation of the [3,3] product 6. Parenthetically, 
such correlations were considered to be important not only because 
of the need to ensure the site of alkylation but also to obtain 
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such compounds by direct procedures. The Osmium tetroxide- 

3 

periodate cleavage of the specifically N -alkylated quinazoline' 6 
gave rise to the isolation of the aldehyde 7 as the unusual 
"hydrate" 9. The 9 7 interconversion was found to be extremely 

facile. Thus/ whilst 9 showed in the ir spectrum, bands for 
hydroxyl and none for the aldehyde, on drying 9 over ^2^5*' 

readily transformed to the expected aldehyde 2 snd possessing 

— 1 

in the ir, the expected carbonyl functional group at 1730 cm 

The nmr spectrum of the OsO^ - periodate cleaved product taken 

either in CDCl^ or DMSO-dg showed that it was nearly completely 

the aldehyde 7, by virtue of the presence of the anticipated 

2 

sharp signal at ^ 8.3, for the C -proton of the quinazoline 

system. Such an unusual behaviour was exhibited by the carbonyl 

group in the cases of the 6-nitro analog 16 and the 2-methyl 
3 8 

analog . Both these compounds exist normally as the cyclic 
system related to 9. Another interesting feature of this system 
is that attempted transformation of either 2 2. with NH^ to the 

Schiff base gave rise to the tricyclic system 21 ( vide infra ) . 

The unusual behaviour of the 2‘-oxoethyl system attached to the 
3-Nitrogen is best explained on the basis of structure 9. The 
alternate possibility, namely, that relating to hydrogen bonding 
with the 4-0X0 group is unlikely, not only because it would call 
for a 7-membered hydrogen bonded system, but also this carbonyl 
function behaved noimally in the ir. As anticipated, reaction of 
either T or 9 with hydroxylamine hydrochloride led to the isolation 
of oxime 12 in excellent yields without complication (CHART C.2). 





7 : mp. 152°C 

ir : V (KBr) cm”^: 1720 (aldehyde) , 1675 (amide carbonyl). 

mojK. 

nmr: 6 (DMSO-dg) 500 MHz : 6.15 (d, 2H, -N-CH 2 -CH) , 7.52 (t, 

IH/ 6' -quinazoline ring), 7.66 (d, IH, 8 ' -quinazoline 
ring), 7.8 (t, IH, 7 ' -quinazoline ring), 8.15 (d, IH, 

5 * -quinazoline ring), 8.22 (s, IH, 2' -quinazoline 
ring) , 

9 : ir : 3^ (KBr) cm~^: 3400 (br) (OH), l7l0 (very weak) 

— max 

(aldehyde) , 1675 (amide carbonyl) , 

10 ; mp. 163-4*^C 

Mass: m/e: 203 (M'*') , 186(M'^-0H) , 159 (m"*"- . HC=N-0H) , 

146 ( i'^""S;IH )+, 119 : ) + . 

'^.Anh 

ir : ^ (KBr) crri 1680 (amide carbonyl), 1615, 1515 
(C=c, C=N) . 

nmr: 6 (DMSO-dg) 200 MHz : 4.75 (d,d, 2H, -N-CH 2 -) , 6.88, 

7,5 (t, t, IH, -CH=N-0H) , 7.5 (m, IH, 6' -quinazoline 
ring), 7.65 (d, IH, 8 ‘ -quinazoline ring), 7.8 (t, 

IH, 7* -quinazoline ring), 8.15 (d, IH, 5' -quinazoline 
ring), 8.35 (d, IH, 2* -quinazoline ring), 11.0,11.35 
(s,s, IH, =N-OH) . 
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Interestingly, the 7 9 change represents the cyclisation 

that is the second step relating to the chemical simulation of 
the ATP- Imidazole Cycle. Indeed, specific cleavage of this, 
leading to the detachment of the anthranilic acid -unit would lead 
to oxazole. In the event however, endeavours to achieve this 
under a variety of conditions invariably gave the aldehyde, a 
consequence that was not unanticipated. A similar behaviour was 
exhibited by the 6-nitro analog 16 as well as 11 . 

3 

Having a set of authentic, useful, funtionalised, N - 
alkylated compounds at hand, endeavours were made to delineate 
conditions under which these compounds could be prepared in a 
more e3<pedious manner. In the event, the reaction of the sodium 
salt of 4-oxoquinazoline in H^DPA, with the diethyl acetal of 
bromo acetaldehyde, gave the expected ketal in excellent yields. 

It was found that alkylations in other solvent systems did not 
proceed at all. The structural assignment for ketal 8 is based 
on spectral and analytical data (CHART C.2). 


8 : rnp. 79°C 

ir : V (KBr) cm“^: 1680 (amide carbonyl), 1615, 1565 

rn3-X 

(C=C, C=R) . 

nmr: 6(CDCl2)90 MHz; 1.15 (t, 6H, -CH^-CH^), 3.58 (m, 4H, 
-CH^-CHj), 4.0 (d, 2H, -CH 2 -CH-), 4.65 (t, IH, 
-CH^-CH-), 7. 1-7. 7 (m, 3H, 6' , 7 ' , 8 ' -quinazoline ring). 



34 


7,95 (s, IH, 2' -quinazoline ring), 8.15 (d, IH, 
5 ' -quinazoline ring). 


In the initial stages several attenpts to hydrolyse the 
hetal 8 to either the aldehyde 7 or its hydrate 9 failed. Even- 
tually, it was foxand that the desired change could be accorrplished 
in 74.4% yields by brief warming of the ketal in cone. 
which led to 9, whose properties were identical to that obtained 
via degradation of the [3,3] shift product 6. In sharp contrast, 
the ketal 8 was transformed directly to the oxime 1,0 in good 
yields. The properties of thus obtained were identical to that 
prepared via transformations on the [3,3] shift product 6. 

The aldehyde 2 hydrate 9, underwent ready sodium 

boro hydride reduction giving rise to the 2-Hydroxyethyl quina- 
zolone 3.2 which was also prepared in a direct manner by alkylation 
of 2 s its conjugate base with 2-bromoethanol^^' Cornpoxond 
17 can also be used as an intermediate in the chemical simulation 
of the cycle, since such a series of reactions with 22 could be 
anticipated to lead to the daughter product oxazoline and the 
tenplate anthranilic acid (CHART C.IV). The structural assign- 
ment for 17 is supported by spectral and analytical data and also 
by its transformation to the acetyl derivative 22 (CHART C.5) . 



CHART .C. 5 
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17; wp. 157°C 

ir : 5^^_,^(KBr) cm”^: 3250 (OH), 1670 (amide carbonyl), 
max ^ 

1610, 1560 (C=C, C=N) . 

nmr: 6 (DMSO-d^) 500 MHz: 3.7 ( 2H, -N-CH 2 -) , 4.05 (2H, 
-CH 2 -OH) , 4. 5-8.3 (5H, aromatic). 

18 : np. 79°C 

nmr: 6 ( CDCl^ ) 60 MHz : 2.1 (s, 3H, -CO-CH^), 4.4 (m, 4H, 
-CH^-CH^-O), 7. 5-7.9 (m, 3H, 6' , 7* , 8‘-quinazoline 
ring), 8.1 (s, IH, 2 '-quinazoline ring), 8,4 (d, IH, 
5 ‘ -quin azoline ring) . 


It was anticipated that either the aldehyde 1. 
hydrate 9 or even the diethylacetal 8 could be advantageously 
used in the placement of the appropriate terminal nitrogen, which 
on cyclisation and rupture, could lead to imidazole. It could 
be readily seen that the Schiff base arising from 7 would be an 
ideal precursor. Consequently, the hydrate 9 was treated with 
dry NHj in refluxing benzene, under conditions where water could 
be removed from the reaction mixture. Surprisingly, the sole 
product that was obtained was the tricyclic compound corresponding 
to the addition of elements of NH^ to the aldehyde 7. The 
structural assignment for 11 is supported by spectral and analy- 
tical data (CHART C.3) . 
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11: rrp. 177°C 

Mass:m/e: 188 159 (M'’'-CH(0H) NH^) , 

J . 

146 ( 119 ( 1^'^" )'^. 

ir : ^ (KBr) cm“^: 3450 (OH), 3280, 3240 (NH) , 1675 
max . 

(amide carbonyl), 1610, 1565 (0=0, C=l'!) . 

nmr: 6 (DMSO-d,) 200 I4Hz: 3.85 (m, 3H, -CH^-CH-) , 7.45 (d, 

IH, 6' -quin azoline ring), 7.5 (d, IH, 8 ' -quinazoline 
ring), 7.7 (m, IH, 7 ' -quinazoline ring), 8.05 (d/lH, 
5 ’-quinazoline ring), 8,1 (s, IH, 2 ' -quinazoline 
ring) , 


With the objective of transforming 7 to the N-phenyl 
Schiff base, the hydrate 9 was refluxed v/ith aniline in benzene 
under conditions where water formed in the reaction was removed. 
Surprisingly, the sole product that could be isolated in this 
reaction was the dimeric product (15%), whose structure is i 
supported by spectral and analytical data (CHART C,3) . The 
transformation of the aldehyde ]_ — ^ 12 could be readily rationa- 
lised via sequence, the formation of the anticipated Schiff base 
and its transformation to the enamine by prototropic shift. This 
enamine rather than undergoing intramolecular cyclisation that 
could lead to the tenplate mediated synthesis of N-phenyl imidazole 
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reacted with another molecule of the aldehyde 2/ which, on 
dehydration followed by prototropic shift, yielded the dimeric 
product 13 . 

13; mp. 235°C 0 

. / 4-v / + NH ^ 

Mass:m/e; 433 (M ) , 287 (M - i 1 ). 

ir : V (KBr) cm 3310(NH), 1690 (amide carbonyl), 
max 

1630, 1600, 1566 (C=C, C=N) . 

nmr: 6 (DMSO-dg) 500 MHz : 6.25, 6,3' (d,d, IH, -CH=CH-Q) , 

8.48, 8.66 (s,s, IH, -NH-CH=CH-) , 6.75-8.25 (m, 15H, 

aromatic) ,i' 8. 6^ (m, IH, -CH=C-CH=CH- ). 

\ I 

A^. 

In another set of experiments, the ketal 8 was treated 
with fomamide with the anticipation that an N-formyl Schiff base 
may result. In the event, the reaction gave rise to a bis forma- 
mide adduct for which the tricyclic structure 12 (36.6%) has been 
assigned on the basis of spectral and analytical data as well as 
the earlier described behaviour of 7 to form tricyclic systems. 
The formation of 12 could be rationalised on the basis of the 
formation of the N-formyl Schiff base which underwent intra- 
molecular addition followed by acceptance of another unit of 
formamide, a sequence that is very similar to the formation of 9 
from 7 . It may be noted that compound 12 could be processed 
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through the cycle via cleavage leading to an imidazole or an 
imidazoline. In the event, however, as with the case of similar 
studies with 9, this objective could not be realised (CHART C.3) . 


12 : 


rap. 254^C 


Mass:m/e: 260(M'^), 215 N-CHO) , 160 (M^- . CH (C0NH-) 14 


+ 


0 


NH 


)■*■, 119 ( 




,.0 

i-v i ) + 


2 ' 2 ‘ 


in : 3^„_„(KBr) cm“^: 3310 (NH) , 1670 (br) (formyl, ring 
rna.x 

amides) , 1610, 1540 (C=C, C=N) . 




Our studies on the mechanism of the nitroethylation of 
41 

amines enabled the discovery of a novel entry to specifically 

3 

N -alkylated-4“Oxoquinazolines . A coxidition that is necessary 
for the successful nitroethylation of amines is the opportunity 
for the self quenching of the initially formed zwitter ion. This 
condition is admirably realised in the case of 3, 4~dihydro-4- 
oxoquinazoline which is known to exist in equilibrium v;ith the 
tautomeric 4-hydroxyquinazoline ‘ , The latter structural contri- 
bution enables the delivery of the required proton to the initially 
formed zwitter ionic product with nitroethylene. As predicted, 
compound 2 underwent smooth nitroethylation leading to 3-(2'- 
nitroethyl) -4-oxoquinazoline ( 19 ) in excellent yields . The 
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structural assignment for is fully supported by spectral and 
analytical data (CHART C.6) , 

19: mp. 118-9°C 

Mass:nr/e: 219 (M"^) , 173 159 (m’*’- .CH 2 --NO 2 ) , 

145 (M -.CH^-CH^-NO^) , 119 ( |'' ) + . 

NH 

ir : V (KBr) cm~^: 1660 (amide carbonyl)/ 1615 (C=C)/ 
max 

1550/ 1355 (NO^) . 

nmr; 6(CDCl2)500 MHz: 4.54 (t, 2H/ -N-CH^-) / 4.88 (t, 

2H/ -CH 2 -NO 2 )/ 7.53/ 7.78 (t/t, IH, IH, 6\1'- 
quinazoline ring)/ 7.72 (d, IH, 8' -quinazoline ring), 
8.1 (s/ IH, 2 ' -quinazoline ring), 8.28 (d, IH, 5'- 
quinazoline ring) . 


3 

The nitro group of the specifically N -alkylated compound 
19 was then transformed to useful functionalities that could be 
placed in the cyclic operation, leading to the daughter molecule. 
With the objective to transform the nitroethyl compoiind 1^ to 
the aldehyde 7 via the 'Nef ' reaction, it was transformed to the 
nitronate salt with sodium methoxide in excellent yields. However, 
further reactions of 20 with acids led to the recovery of \inchanged 
19 and no aldehyde 2 could be isolated. It is knovjn that subs- 
trates that could accept protons, other than the nitronate unit. 
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do not undergo 'Nef reaction. Conpound 19_ could be reduced to 

39 

the amine dihydro chloride _21_ and then benzoyl ated to _22. Both 
21 and 7^ would be useful precursors pertaining to the cycle 
(CHART C.6) . 


20: ir ; V (KBr) 3500 (br)(salt), (1530-NO absent). 

— max 2 

21'. mp. 259-60°C (dec) 

ir : V (KBr) cm”^: 3400-3200 (br) (NH salt), 1710 
max 

(amdde carbonyl) . 

2_2: mp. 176-7°C 

ir : ^rnax^^^^ cm“^: 3300 (NH) , 1670 (amide carbonyl), 
1625, 1530 (secondary amide) . 

nmr: 6(0001^) 200 MHz: 3.74 (q. 2H, -CH^-NH-) , 4.22 (t, 

2H, -N-CH 2 -) / 7.25-7.8 (m, 9H, -NH-C0-, aromatic), 
7,9 (s, IH, 2 ' -quin azoline I'ing) , 8.1 (d, IH, 5'- 
quinazoline ring) , 


It may be' recalled that 3- ( 2 ' -Hydroxy ethyl) -3, 4-dihydro- 
4-oxoquin azoline ( 17 ) vjas prepared either via further transfor- 
mations of the [ 3 , 3 ] shift product 6 or more directly by alkyl- 
ation with 2-bromoethanol (CHART 0.5) . A similar alkylation of 2 
with 1, 2-dibromoethane gave in very good yields the 2 ' -bromoethyl 
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compound 27_ which was transformed readily, with aniline to the 

3 

desired, appropriately functionalised, N -alkylated product ^ 
in 95% yields. The structural assignment for 2T_ and 28 is 
supported by spectral and analytical data (CHART C.8) . 


21 t mp. 116°C 

ir : cm”^: 1670 (amide carbonyl), 1620, 1610 

1560 (C=C, C=N) . 

nmr: 6 (CDCl^) 60 MHz: 3.7 (t, 2H, -N-CH^-) , 4.35 (t, 2H, 

-CH 2 ~Br) , 7. 2-7. 8 (m, 3H, 6‘ , 7 ' , 8 '-quinazoline ring)/ 
8.05 (s, IH, 2 ' -quinazoline ring), 8.2 (m, IH, 5'- 
quinazoline ring) . 

Z8t mp. 143-5°C 

ir : 4' (KBr) cm~^: 3260 (NH) , 1675 (amide carbonyl), 
max 

1600, 1560 (C=C/ C=N) . 

nmr; 6(CDCl2)60 MHz: 3.5 (m, 2H, -CH^-NH-Ph) , 4.2 (m, 3H/ 
-N-CH 2 -CH 2 -NH-) , 6.4-6.78 (m, 8H, 6 ‘ , 7 8 ' -quina- 
zoline ring, phenyl), 7.85 (s, IH, 2 '-quinazoline 
ring), 8.25 (m, IH, 5 ' -quinazoline ring). 


Michael addition of nitroethylene with the conjugate base 
of 2 could not be carried out because of the tendency of nitro- 
ethylene to undergo polymerisation under alkaline conditions. 



CHART.C.J 



CHART C.9 
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CHAHT.C.IQ 
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This problem does not arise in the case of very many acceptors/ 
and in the present work/ this aspect was demonstrated/ by the 
Michael addition of the ^ situ generated conjugate base of 2 
with acrylonitrile and acrolein.- In the case of acrylonitrile 
the reaction was rel atively smooth, leading to the formation of 
the expected adduct, namely, 3- ( 2' -cyanoethyl) -3 , 4-dihydro-4- 
oxoquinazoline (26) in 9 2% yields. In sharp contrast, the 
reaction with acrolein gave rise to an equilibrating product 
composite, which is concluded to be, particularly on the basis of.., 
200 MHz nmr, a mixture of the expected aldehyde /02> v/hich, paren- 
thetically, is the homologue of 7, and the tricyclic system 23 , 
in the ratio 1:3. The nmr spectrum clearly showed a doublet at 
3.3 ppm, which can be best explained on the basis of structure 
23 . The ready formation of such systems, exemplified with 9, lA 
and 12 ( vide supra ) , makes this conco-usion quite reasonable 
(CHART C.7) . 

26: rap. 144-5^^0 

ir : ^ (KBr) cm"^: 2250 (C=M) , 1670 (amide carbonyl), 

1610 (C=C) . 

nmr: 6 (CDCl^) 60 MHz: 2.85 (t, 2H, -CH^-CN) , 4.2 (t, 2H, 

-CH.^-CH^-CN) , 7.5 (m, 3H, 6' , 7 ’ , 8 ' -quina.zoline ring), 
8.25 (m, IH, 5 ' -quinazoline ring). 



234-^'25: np. 79-8l^C 


Mass:m/e: 202 (M"^) , 174 (M'^-CO) , 146 ( 


4 - 






';0 

119 ( ) + . 


:NH 




)7 


ir: * 3120 (NH) , 1670 (amide carbonyl), 

1620, 1560 (C=C, C=N) . 


nmr; 6 ( 00013 ) 60MH2 : 3.1 (q, ~ 0 H 2 - 0 H= 0 H-) , 3.3 (d, - 70%, 

- 0 H 2 -CH= 0 H-) , 4.1 (q,..'70%, -CH=0H-0, 2 ' -quinazoline 


ring), 4.6 (br, 70% NH) , 9.7 (s,-^^30?'o, -OHO), 
7. 5-8. 2 (m, 5H, aromatic) . 


The work described thus far is related to the preparation 
3 - 

of specifically N -alkylated, 3, 4 -dihydro- 4 -oxoquina 20 lines, that 

can be placed in a cyclic operation, leading to, the temolate 

molecule anthranilic acid on the one hand and a five ineiTbered 

heterocyclic system on the other, wherein the third position 

would be nitrogen and the first either an oxygen or a nitrogen 

3 

atom. The synthesis of the N -substituted systems which can 

accommodate an additional nitrogen was also prepared in the 

present work using the key compound 3-curdno-3, 4-dihydro-4-oxo- 

quinazoline (29) which was prepared in excellent yields by the 

45 

reaction of 2 with hydrazine hydrate , Since 2 in turn was 
prepared from anthranilic acid, compound _29 is related to the 
basic template molecule in the series, namely anthranilic acid. 
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The 2 29_ change involving an apparent substitution with an 

amino group^ can be understood in terms of the nucleophilic 
addition of hydrazine to the 2-position of compound 2, cleavage 
generating an amide function and cyclisation with loss of 
(CHART C.9) . 


29 ; mp. 208°C 


The K- amino coirpound 29 could be readily formylated with 

48 

acetic formic anhydride leading to 3-formamido-3/ 4-dihydro-4- 
oxoquinazoline ( 30) ^ which when put through the cycle -could lead 
to, as the daughter product, 1, 3, 4-oxadiazole, regenerating the 
parent tenplate anthranilic acid. The structural assignment for 
3 0 is supported by spectral data (CHART C.9). 


3^: mp. 152-3°C 

ir : V (KBr) cm~^; 3420, 3180 (NH) , 1710 (shoulder) 

rnQ.x 

(formyl), 1675 (ring amide), 1610, 1560 (C=C, C=N) , 


The N-amino compound _29 xiras also readily transformed to the 
49 

benzoyl derivative M vjhich could be a precursor to 2-phenyl-l, 

3 , 4-oxadiazole (CHART C.9). 
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31: mp. 190- 1°C 


ir 


V _ (KBr) cm~^: 3260 (NH) ^ 

m 

1610, 1510 (C=C, C=N) . 


1660 (amide carbonyl). 


In the first stage relating to the chemical simulation 
of the ATP- Imidazole Cycle, parallel synthetic studies were also 
carried out with the perturbed model tenplate 5-nitro anthranilic 
acid and the template 5-aminoimidazole-4-carboxamide. 

The reaction of 6-Nitro-3, 4-dihydro-4-oxoquinazoline C^) 
derived from anthranilic acid ( vide supra ) was converted to the 

3 

N -allyl compound JA via alkylation of the conjugate base of _3 
with allylbromide. The position of the ligand thus introduced 
is concluded to be at the 3 -nitrogen, on the basis of studies 
on the unsubstituted precursors (CHART C.4) . 


1±: mp. 148-50°C 

ir : (KBr) cm~^: 1675 (amide carbonyl), 1615, 1600, 

max 

1570 (C=C, C=N) , 1520, 1350 (NO^) . 

nmr: 6 (CDCl 2 ) 200 MHz: 4.54 (d, 2H, -N-CH^-) , 5.2 (m, 2H, 
-CH=qH 2 )/ 5.84 (m, IH, -CH=a-i 2 ) / 7.66 (d, IH, 8 '- 
quinazoline ring), 8,08 (s, IH, 2 '-quin azoline ring). 





8,35 (dd/ IH, 7'-quinazoline ring), 8.85 (d, IH, 
5 ' -quinazoline ring). 


The nitro compound _3 was readily alkylated with diethyl 

3 

acetal of bromo acetaldehyde in HMPA, leading to the N -alkylated 
compound 13, which, in turn, was hydrolysed with warm cone, H 2 S 0 ^ 
to the aldehyde 16 , which as in the case of the unsubstituted 
aldehyde 2.r predominantly exists as the hydrate (ir) . Compound 
16 or its hydrate on treatment with NH^ under conditions where 
water formed in the reaction was removed, gave rise to the tri- 
cyclic adduct 16a corresponding to ]A (CHART C,4) , 


15: mp. 122-3°C 

ir : (KEr) cm”^: 1690 (amide carbonyl), 1615, 1600, 

max 

1570 (C=C, C=N), 1525, 1350- (NO^). 

nmr: 6 (0001^)200 MHz: 1.2 (t, 6H, -O-CH 2 -CH 2 ) , 3,6, 3.85 
(m, m, 4H, -O-CH^-CH^) , 4.15 (d, 2H, -N-CH^-) , 4,8 
(t, IH, -N-CH^-CH-) , 7,9 (d, IH, 8' -quinazoline ring), 
8.6 (dd, IH, 7 '-quinazoline ring), 9.2 (d, IH, 5'- 
quinazoline ring) . 
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(KBr) cm~^: 1730 (aldehyde), 1690 (amide carbonyl) 

rriajx 

1615, 1605 (C=C, C=N), 1525, 1345 (NO^) . 

nmr: 6(CDCl2)200 MHz: 5.0 (s, 2H, -CH^-CHO) , 7.95 (d, IH, 

8 ' -qninazoline ring), 8.08 (s, IH, 2'-quinazoline 
ring), 8.65 (dd, IH, 7 '-qTainazoline ring), 9.2 (d, 

IH, 5 ' -quinazoline ring), 9.85 (s, IH, -CHO) . 

16a : mp. 220*^0 (dec) 

ir : V ^ (KBr) cm“^; 3500 (br) (OH) , 3290 (NH_) , 1680 

ITlciIXl 2^ 

(amide carbonyl), 1610, 1570 (C=C, C=N) , 1340, 1520 
(NO^) . 


Surprisingly, the reaction of the nitro compound Id with' 
hydrazine hydrate tinder conditions employed for the 2 — ^ 29 change 
gave, in addition to the expected N-amino compound _3_2 (29%), the 
hydrazone 3^ (5.8?i) . The structural assignment for 32 and 3^ is 
supported by spectral and analytical data. The formation of 33 
could be rationalised on the fujrther reaction of 3_2 with hydrazine 
The presence of the nitro group withdrav/s the lone pair contri- 
bution away from the carbonyl, thus making it more electrophilic 
compared to 29 (CHART C.IO) . 
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33; 


mp. 220-2°C 

Mass;m/e: 191 (m"*'-.NH) , 165 ( f • ). 

NH 

ir : 3380 , (NH^) , 1660 (amide 

carbonyl) , 1635, 1610, 1590 (C=C, C=N) , 1300, 
1490 (NO^) . 


nmr; 5 (DMSO-dg) 100 4.6 (br, 2H, -NH 2 ) , 6.6 (d, IH, 

8 *-quina 2 oline ring), 7,6 (s, IH, 2 ' -gain azoline 
ring), 8.0 (dd, IH, 7 '-quinazoline ring), 8.4 (d, 

IH, 5 ' -quinazoline ring) . 

mp, 270°C (dec) 

ir : 3^^^^(KBr) cm“^: 3460, 3420, 3340, 3300 (NH^) , 1670 

rnoix ^ 

(C=N-N) , 1350, 1530 (NO 2 ) . 

nmr: 6 (DMSO-dg) 100 MHz : 5.7 (s, 2H, =N-NH 2 ) , 5.9 (s, 2H, 
-N-NH 2 ) ' '^•2 (d, IH, 8 ' -quinazoline ring), 7.4 (s, 
IH, 2' -quinazoline ring), 7.6 (d, IH, 7 ' -quinazoline 
ring),, 8,1 (s, IH, 5’ -quinazoline ring). 


1 

Synthesis of specifically N -alkylated purines : 

It may be noted that the key conpoxind that was used in 
diyerse transformations pertainih^to the model template anthranilic 
acid was 3, 4-dihydro-4-oxoquinazoline, Naturally, the inter- 
mediates that could be placed on the real ATP- Imidazole Cycle 
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would be the closely related purines^ hypoxanthine (^) and 

adenine (68) , which can be, as is the case with _2, obtained • 

readily from the imidazole template molecule 5- amino imidazole- 4- 
50 

carboxamide . However, in view of the presence of other reactive 

nitrogens in purines in contrast to _2, the imidazole ring nitro- 

51—53 

gens have to be protected . In the initial stages of the 

present work, this was accomplished via the transformation of 

hypoxanthine (^) to 6-chloropurine ( 35 ) by reaction with POCl^ 

52 53 

and N, N-dimethyl aniline * . Reaction of ^ with benzyl chloride, 

54 

as reported gave an easily separable mixture consisting of the 

desired 9-benzyl- 6-chloropurine ( 36 ) (45%) and the isomeric 

7-benzyl- 6-chloropurine ( 37 ) (21%). It has been demonstrated 

that 6-chloropurine (35) can be specifically protected at the 
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desired 9-position by dihydropyran , leading to 9-tetrahydro- 
pyranyl-6-chloropurine (41) which, interestingly, is quite similar 
to purines in which the 9-position is protected by sugar as in the 
ATP- Imidazole Cycle (CHART C.ll) . The structural assignment for 
3 6 , 37 and _41 is based on spectral data. 


3_5: mp. > 3 60°C 

36: np. 89°C 

ir : 3^ (KBr) cm~^: 3100, 3050 (aromatic CH) , 1600, 

rricLX 

1560,. 1540 (C=C, C=N) . 
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nmr: 6 (CDCl^) 60 MHz: 5.45 {s^ 2 H, -CH^~0) , 7.3 (s, 5H^ 

phenyl)^ 8.1 (s, IH, imidazole ring) ^ 8.7 (s, IH, 
pyrimidine ring) . 

37: mp, 152°C 

(aromatic CH) , 1600, 

1540, 1525 (C=C, C=N). 

nmr: 5 ( 00013)60 MHz: 5.7 (s, 2H, , 7,3 (m, 5H, 

phenyl), 8.3 (s, IH, imidazole ring), 8.8 (s, IH, 
pyrimidine ring) . 

41 : mp. 69°C 

ir : (aromatic CH) , 2940, 2880 

(saturated CH) , 1595, 1565 (0=0, C=N) , 


Each of the protected derivatives 3 6 , 37 and £1 on treat- 
ment with the conjugate base of allylalcohol gave rise to the 
anticipated 0-allyl ethers 38 , 39 and _42 in good yields (CHART 
C.ll). The structural assignment for _ 3 §/ 12 . 3^^ 11 are supported 
by spectral and analytical data. 


3 8 : mp, 65*^C 

ir : ^ (KBr) cm~^: 3080, 3020 (aromatic, olefinic CH) , 
max 

1600, 1580 (C=C, C=N), 1050 (C-O) . 
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nmr: 6(CDCl3)60 MHz; 5.1 (m, 2H, -O-CH^-) , 5.38 (rn, 4H, 

-CH2-J2) / 6.18 (m, IH^ — CH=CH2)y • 28 (s, 5K, phenyl) 

7.8 (s, IH, imidazole ring), 8.5 (s, IH, pyrimidine 
ring) . 

3 9 ; mp. 84°C 

3110, 3060 (aromatic and olefinic CH! 
1620, 1590, 1550 (C=C, C=N) , 1070 (C-0) . 

nmr. 6 (CDCl^) oO MHz: 5.0 (dd, 2H, — 0— CH2—) / 5.3 (m, 2H, 

-CH=CH2), 5.5 (s, 2H, -CH2-Ph) , 5.9 (m, IH, -.CH=CH^) , 
7.1 (s, 5H, phenyl), 8.0 (s, IH, imidazole ring), 

8.5 (s, IH, purine ring). 

42: bp- 180-90°C/0.15 mm 

ir : ^^^^(neat) cm“^: 3060 (aromatic, olefinic CH) , 2940, 

iUO-X. 

2850 (saturated CH) , 1590, 1555 (C=C, C=N) , 1040, 

1050 (C-0) . 

nmr: 6(CDCl2)60 MHz: 1.9 (m, 6H, THP) , 3.9 (m, '2H, 

-0-CH2--THP ring), 5.0 (dd, 2H, -O-CH2-CH-THP ring), i 
5.1-6.35 (m, 4H, -CH=qi2, O-Oi-THP ring), 7,9 (s, 1H; 
imidazole ring), 8.5 (s, IH, pyrimidine ring). 


Thermolysis of 9-benzyl-6-0-allylpurine ^ led to a smooth 
_ _ 1 

[3,3] shift giving rise to the specifically N -alkylated compound 
40. Parenthetically, to the best of our knowledge this is the 
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first demonstration of a [3,3] shift (Claisen rearrangement) on 
a 9-ben2yl protected simple purine model 


40 : mp. 114-5°C 

it : cm 3100, 3040 (aromatic and olefinic CH) , 

1685 (amide carbonyl), 1580, 1545, 1515 (C=C, C=N) , 

nmr: 6(0001^) 60 MHz: 4.6 (dd, 2H, -N-.CH 2 -) , 5.2 (m, 4H, . 

-CH=Cii^) , 5.9 (m, IH, -CH=CH 2 ) , 7.2 (s, 5H, 
phenyl), 7.6 (s, IH, imidazole ring), 7,9 (s, IH, 
pyrimidine ring) . 


q 

The corresponding [3, 3]j rearrangement of the 7-benzYl 
compound ^ was found to be exceedingly slow and the 9--tetrahy~ 
dropyranyl-6-O-allyl compotand _42 fragmented to a mixture of 
compounds under conditions for the [3,3] rearrangement. 

1 

The specific N -alkylation of purines was achieved with 

9-benzyl hypoxanthine ( 4^) / v/hich was prepared from 6-chloro 

9-benzylpurine (36) , by hydrolysis, under conditions developed 

57 58 

as a result of a great deal of experimentation with IN HCl ' 

(chart C,12) • Compound 48 was alkylated with the diethyl acetal 

of bromo acetaldehyde in HMPA under conditions developed for the 

1 

2 8 change, leading to the specifically N -alkylated 9-ben2yl- 1 

hypoxanthine 44. Coirpound 44 was, in turn, transformed to the 
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aldehyde which as in the case of the model system 7, existed 

largely as the hydrate. Indeed/ reaction of the aldehyde or 
the "hydrate" xvith dry NH^ in benzene led to the tricyclic system 
^/ quite analogous to The structural assignments for 

compounds 44/ 4^ and ^ are supported by spectral and analy- 

tical data. It could be readily seen that either compound ^ or 
its hydrate or the ammonia adduct 46 could readily be placed in 
the cycle for further transformations to the respective product 
molecules oxazole and imidazole regenerating the parent terrplate 
N-benzyl-5-arninoiraidazole-4-carboxamide. In the event, however, 
as was the case with the model series, the ready transformation 
of the resulting tricyclic systems to the parent aldehyde 45 
under a variety of conditions precluded its being a suitable 
candidate for placement in the cycle (CHART C.12). 


mp. 293°C 

ir : 3^ (KBr) cm~^: 1700 (amide carbonyl), 1590, 1550, 

max 

1520 (C=C/ C=N) . 

44: mp. 119-20°C 

ir : 3^ (KBr) cm~^: 1685 (amide carbonyl), 1570, 1505 

max 

(C=C/ C=H) , 
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nmr: 6 ( 00013)200 MHz: 1 .O 8 (t, 6 H, -O-OH 2 -OK 3 ), 3.46, 

3.7 (m,m, 2H, 2H, -O-CH 3 ..OH 3 ) , 4.1 (d, 2H, -N-Ol^-OH-), 
4.68 (t, IH, -N-CH^-CH-), 5.28 (s, 2H, --CH^-0) , 7.26 
(m, 5H, phenyl), 7.7 is, IH, imidazole ring), 7.98 
(s, IH, pyrimidine ring). 

45: mp. 130°0 

Mass:rn/e: 269 (M + l)"^, 268 (m'*") , 240 (M^-00) , 149 
(M'^-OO-.OH^-jEf) , 91 (•CH^-OgHg)'^. 

(aldehyde, amide carbonyl), 
1570, 1550, 1515 (C=0, 0=N) . 

46 : mp. 170°0 (dec) 

ir : 2^„,^(KBr) cm"^: 3500-3300 (br) (OH), 3300, 3100 (NH) , 
1675 (amide carbonyl). 


The reaction of O-benzylhypoxanthine 43, with benzylbromide in 
DMSO gave smoothly the 1, 9-dibenzylh;i^oxanthine (72) ^ This 

reaction could be of importance, in the sense that such allcylations 
carried out with suitably substituted aryl halides could lead to 
the benzo analogs of monomeric heterocycles described earlier 
and the regeneration of the template molecule (CHART C.26). 
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In a similar manner, the useful compound 1- ( 2 '-hydroxy 
ethyl) -9-benzylhypoxanthine (73) was prepared from 9-benzyl- 
hypoxanthine by alkylation with 2-bromoethanol (CHART C.26), 

73 : mp. 172°C 

* ^max^^^^ cm''^: 3400 (br)(OH), 1700 (amdde carbonyl), 
1600, 1570, 1550 (C=C, C=N) . 


Quite interesting results were obtained starting with 
adenine (68) , which can be readily prepared from the tenplate 
molecule 5-aminoimidazole-4-carboxamide. Conpound 68 could be 
regiospecif ically mono alkylated with NaH in DMF and benzyl- 
bromide^^ giving rise to 9-benzyl adenine (^) in excellent yield 
Of particular interest with reference to the ATP- Imidazole Cycle 
was the observation that 69 can be regioselectively alkylated at 
the l-position giving rise to the neutral 1- ( 2 ' -hydroxy ethyl) 
imino compound 71 • i^'^y be recalled that in one of the later 

stages related to the chemical simulation of the ATP- Imidazole 
Cycle, the 4-carboxamide functionality of the template molecule 
is regenerated via hydrolytic cleavage of the 1-6 bond of a 
specifically N^-alkylated adenine precursor. Indeed, at the 
outset, it was envisaged that the alkylation of 9-benzyl adenine 
with 2-bromoethanol could lead to the corresponding salt, with a 
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charge on the, N —position and the retention of the 6— ainino 
group, a situation that is very closely related to the ATP— 
Imidazole Cycle and one particularly favourable for the hydro- 
lytic rupture of the 1-6 bond generating the amide function. 
However, the finding that such an alkylation actually resulted 
in the formation of the neutral imine 71 required an alternate 
strategy for the rapture of the 1-6 bond. This is contemplated 
in future work to be achieved by a fragmentation reaction on such 
an N-alkylated compound which, in addition, carry a suitable 
leaving group at the 1' -position. Such a substance could lead 
to the formation of 4-cyano imidazole by fragmentation. Since 
the cyano group is a suitable precursor to the carboxamide moiety, 
such a strategy would be appropriate with reference to the 
chemical simulation of the cycle. It was considered possible 
that the desired N -alkylated adeninium salt could be prepared 
by altering the reaction conditions. To this effect the further 
alkylation of S-benzyl adenine was carried out with benzylbromide 
under a variety of conditions. It, however, turned out that in 
all cases the alkylation resulted in the formation of the neutral 
molecule 70. Parenthetically, this would serve as an excellent 
model for the study of the fragmentation strategy outlined 
earlier (CHART C.25). The structural assignment for 7l -and 

70 are supported by spectral data. 
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§9i mp. 234-5°C 

nmr: 6 (DMSO-d^) 100 MHz: 5.4 (s, 2H,, ~CH2"-0) / 7.3 (m, 5H, 
phenyl)^ 8.0 (s^s# IH, IH, 2 ',8 '-purine ring). 

71: mp. 252°C 

Mass:rr\/e: 251 

(br)(0H), 3340 (NH) , 1680(C=NH). 

nmr: 6 (DMSO-dg) 500 MHz: 3.75 (br, 2H, -N-CH^-) / 4.45 (2H, 
-O-CH^-), 5.55 is, 2H, -CH^-^) ^ 7.4 (s, 5H, phenyl), 
8.6, 8.7 (s,s, IH, IH, purine ring) . 

70: mp. 155-65°C 

Mass:m/e: 315 (m'*') , 224 (M'^-CgH^-CH^ . ) , 197 (M'^-CgH^-CH^ . 

-HCN), 106 (M'^-2CgH^CH2.-HCN) . 

ir : cm“^; 3400 (br) (NH) , 1670 (C=NH) , 1620, 

1575, 1520 (C=C, C=N) . 

nmr: 6 (DMSO-dg) 200 HI4z: 2.25 (s, IH, C=NH) , 5.45 (d, 4H, 
-CH2-jZfx2) , 7.3 (m, lOH, phenyl x 2) , 8.45, 8,65 
(s,s, IH, IH, 2 ',8 '-purine ring). 


Studies on the further transformations of specifically N-substi - 
tuted quinazollnes and purines, along the cycle, . to daughter 
products and parent templates : 

In the work that was outlined above, a variety of appro- 
priately N- substituted compounds have been made, which could be 
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processed through, giving rise to the template on the one hand 
and the daughter product on the other. The protocol pertaining 
to the realisation of the further objectives are flexible in the 
sense that the sequences of reactions that are necessary, namely, 
the cyclisation and the detachment of the parent from the 
daughter . can be sequentially arranged at will. In this context 
the several compounds that have been prepared could be cate- 
gorised as those which are suitable for cyclisation first and 
cleavage subsequently, and those where the cleavage has to 
precede cyclisation. The criteria pertaining to this is on the 
basis of the correlation between the pKa of the side chain and 
that of the resulting cyclic system, since it was envisaged that 

3 

the cyclisation of specifically N -substituted quinazolones can 
be best brought about via conjugate bases of the side chain 
ligands. Thus, as expected, those cvclisations that would lead 
to a considerably weaker conjugate base would be favoured. Ih 
contrast, where the pKa difference between the product and the 
starting material is marginal, other factors pertaining to the 
formation of the tricyclic system will influence the course of 
the reaction. Finally, those reactions v^bere the product pKa 

would be higher than that of the starting material, can be consi- 

V 

dered as reactions that are unlikely to takejplace. In TABLE C,I 

A 

are presented the estimated pKa values pertaining to the side 
chain of the N^-substituted 3, 4-dihydro-4-oxoquinazolines. 
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TABLE C.I 

Estimated pKa values of N^- substituted 3 , 4-dihvdro-4--oxo- 
cruinazollnes 


No. 

Substitutent 

Estimated pKa 

6 

-CH2-CH=CH2 

25 

28 

-CH^-CH^-NH-Ph 

25 

26 

-CH2-qi2-CN 

25 

11 


17 

2 2 — 

1 

-CH--CH0 

17 


—2 

- 

-CH2~CH=NR 

20 

12 . 

-CH^-CH=N-0-H 

17 

2 - 


11 

-NH-CO-Ph 

15 



30 

-NH-CHO 

16 

ii 


13 


In all these cases the cyclisation -would lead to a 
tricyclic system that would represent the conjugate base of 
1 , 2 , 3 , 4 - tetrahydro-4-oxoquin azoline. By virtue of the fact that 
the excess charge on the N -nitrogen can be made available to 
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the cairhonyl through the aromatic ring, such a system could be 
anticipated to have a pKa in the range of 18 to 20 and therefore 
it could be rationalised that those substituents whose pKa fall 
considerably above this value could undergo cyclisation readily, 
as with the cases of the 3-allyl and the 3-(2'-anilinoethyl)- 
3 / 4— dihydro— 4— oxoguinazolines , Amongst those whose pKa could 
match that of the resulting tricyclic system is the 3-(2'-hydro- 
xyethyl) and the 3- ( 2 ' -oxirainoethyl) systems. The latter case 
is somewhat different, because of the necessity for the cycli- 
sation to takeplace via the nitrogen. The 3- ( 2 ' -oxoethyl) , the 
3- ( 2 ' -iminoethyl) , the 3 -benzoyl amino and the 3-formylamino fall 
into the category where cyclisation would lead to a conjugate 
base of lower stability, and therefore cyclisation may not be 
easily accomplished. Parenthetically, it may be recalled that 
the 3- ( 2 ' -oxoethyl) and the 3- (2* -iminoethyl) show a great 
tendency to exist in the tricyclic form 9 and ^ and their 
conjugate bases readily cause the rupture leading to the open 
forms. In sum, the substituted systems thus prepared and 
characterised consist of a selection of compounds that are 
amenable to cyclisation, those whose tendency for cyclisation 
could be considered marginal and those which could be predicted 
to be unfavourably disposed for cyclisation. Those falling into 
the last category can however be processed through the cycle via 
initial cleavage, followed by cyclisation, whereas all the 
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substituted systems can also, in principle, be cleaved first 
and then cyclised subsequently. It was envisaged that the 
requisite ligand conjugate bases that would lead to product ring 
conjugate bases of higher stability can be generated by reaction 
with organometallic compounds. 

. iri spite of the great interest in the chemistry of quina- 

zoline, there has been only scant studies pertaining to the 

reaction of organometallic compounds with 3-substituted 3,4- 

dihydro-4-oxoquinazolines. Indeed, the results thus far available 

do not match well, in the sense that in some cases, the Grignard 

reagent is believed to add to the 2-position and in some others 

to the carbonyl group itself , Consequently, studies reported 

in the present work ( vide infra ) pertaining to the reactions of 

selected 3-substituted, 3, 4-dihydro-4-oxoquinazolines with, 

largely, organolithium compounds have not only relevance to the 

problem at hand but also is of interest pertaining to the under- 

3 

standing of the behaviour of this class of compounds to N -substi- 
tuted 3, 4-dihydro-4-oxoquinazolines. 

A detailed scrutiny of the reaction of 3-allyl-3, 4-dihydro- 
4-oxoquinazoline (6) has been carried out to assess various 
possibilities. The reaction of 6 with PhLi followed by work up 
gave a 3 5% yield of 2 -phenyl- 3 -allyl-l, 2, 3, 4-tetrahydro-4-oxo- 
quinazoline (54) and an 8% yield of 2-amino-N-allylbenzamide (^) . 
It was further shown that brief heating of ^ followed by work up 
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gave quantitative yields of the open amino compound Stru- 

ctural assignments for ^ and ^ is supported by spectral and 
analytical data. The observation that phenyllithium adds to 
the 3, 4-dihydro-4~oxoquinazoline system without rupture of the 
ring is notev/orthy, not only because it is a novel finding, but 
also because it demonstrated that the aminoacetal functionality 
present in such adducts are quite stable (CHART C,13). 


54 


55 : 


^o, 


mp. 129-30^C 

Mass:m/e: 264 (M^) , 223 (m"^- ) , 187 ( 


I 




Q 


0 


"N 


147 ( 


■NH, 

■ 1 + 

-1 


), 119 ( 





"NH 






), 


ir : V (KBr) cm'"'^: 3300 (NH) , 1630 (amide carbonyl), 
max 

nmr: 6(CDCl3)60 MHz: 4. 5-5. 2 (m, 4H, -N-CH 2 -, -CH=CH 2 ) , 
5.65 (d, IH, -N-CH-0) , 6.4 (m, IH, 6' -quinazoline 
ring), 6.75 (dd, IH, 6' -quinazoline ring), 7.0 (d, 
IH, 7 ' -quinazoline ring), 7.2 (s, 5H, phenyl), 7.8 
(d, IH, 5 '-quinazoline ring). 


mp. 95-7^C 


Mass:m/e: 176(M+), 120 (M+- .HN^^'^" ), 92 (M+-.HN^V'-C0) . 

ir • ^ (KBr) cm”^: 3440, 3320 (NH_) , 1640 (amide carbonyl), 
max ^ 

1620, 1590 (C=C). 
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nmrs 6 ( 00013)60 MHz: 4.0 (m, 2H, -N-CH^-) , 5.2 (m, 2H, 
-CH=CH 2 ), 6.0 (m, IH, - 02 =^ 3 ), 6 . 3-7, 3 (m, 4H, 
aromatic) . 


In endeavours to promote cyclisation over the addition 
to the 1-2 bond, compound 6 was converted to the 3 -alkylated- 4 - 
acetoxy quinazolinium system £7 in excellent yields. The stru- 
ctural assignment for ^ is supported by spectral and analytical 
data (CHART C,13) . 


47: mp. (sinters at 120'^C and melts at 145-50°C) 

ir : ^ (KBr) cm*"^: 2640 (br)(salt), 1715 (ester), 
max 


The reaction of the salt 47 , with ^ situ generated MeLi 
gave rise to the bis methyllithi\ara adduct _48 in 4 2% yield. The 
formation of ^ could be rationalised on the basis of the rapid 
addition of the elements of methyl lithixim to the 1-2 bond of £7, 
followed by rupture of the 2-3 bond, that would be highly 
favoured because of the charged nitrogen in the 3 -position. 
Addition of a second unit of methyllithium to the Schiff base 
thus formed, followed by hydrolysis of the imino acetate function 
would give rise to 48 . It was felt, that the cyclisation path- 

favourable, if the quinazolinium salt £7 were 


way would be more 
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to be treated with a reagent that' is a strong base and at the 
same time a very ineffective nncleophilg* In the event/ surpri- 
singly/ the reaction of £7 with NaH led to the formation of the 
formamide derivative 49 in 70% yields. A particularly noteworthy 
feature of 4^ is the migration of the teanninal 7 i in £7 to an 
internal one. The sequence of reactions leading to 49 in such 
good yields are rationalised on the basis of events described 
in CHART C.V. The expected conjugate base of £7 was most likely 
formed in the reaction/ which could/ in principle/ because of the 
presence of the charged 3-nitrogen that could be anticipated to 
lower the pKa of the system considerably, exist in equilibrium 
with the expected tricyclic system. This equilibrium is distur- 
bed via the irreversible process involving the open anion, namely 
the conjugate base of 47, which is quenched in an intramolecular 
manner via a six membered transition state, leading to the anion 
at the 2-position - entirely reasonable because of the charged 
nature of the quinazolinium system, which could undergo ready 
and irreversible ring rupture of the 2-3 bond, leading to an 
isocyanide and then under the conditions of work-up to 49 . 

Yet another interesting reaction was the transformation of 
47 , to the 3-(l'-propenyl)-3,4-dihydro-4-oxoquinazoline (50) with 
CH^Mgl in 96% yields. It was anticipated that unlike CH^Li the 
methyl - Grignard would show a decreased propensity for addition 
to the 1-2 bond and thus perhaps promote cyclisation of the 
conjugate base of 47. The isolation of 50, where the terminal 
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^ had migrated to an internal position/ can be best explained 
by the formation of the expected conjugate base of £7. The 
absence of products in this case pertaining to the cleavage of 
the 2-3 bond along the lines illustrated for the £7 ^ change 

can be rationalised on the conjugate base being co-valently bound 
to the Mg reagent (CHART C.13). The structural assignment for 
48 / 49 and M are supported by spectral and analytical data. 


48: bp. 110°C/0.3 mm 

Mass:m/e: 218 (M'*’) , 203 160 ), 

146 

ir : ^ (neat) cm”^: 3340 (NH),- 3090 (aromatic, olefinic 
rn3.x 

CH) / 2940, 2880 (saturated CH) , 1630 (amide carbonyl), 
1580, 1520 (secondary amide). 

nmr: 6(CDCl2) 200 MHz: 1.1 (d, 6H, -CH-(CH2)2)/ 3.5 (sept, 

IH, -CH-(CH2)2)/ 3.86 (m, 2H/ -NH~CH2-) , 5,1 (m, 2H, 
-CH=CH2)/ 5.8 (m, IH, -CH=CH2) , 6.22 (br, IH, 
-NH-CH^-), 6.42 (t, IH, 5 '-anthranilic acid), 6.62 
(t, IH, 3 ' -anthranilic acid), 7.25 (d, IH, 6' -anthra- 
nilic acid) . 

49: mp. 109-11°C 

Mass:m/e: 204 (M"*") , 186 (M -H2O) , ^148 (M -.HN ), 

120 (M^-.HN'^^'^ -CO), 92 (M^-.HN^^’"^ -2CO) , 
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‘ ^ * ^300 (NH) , 1670 (amide carbonyl)^ 

1640/ 1600 (C=C ) , 1580/ 1525 (secondary amide) . 

nmr: 6 (CDCl^) 200 MHz: 1.63 (dd/ 3H/ -CH-CH^), 4.9 iq, 

IH/ =CH-CH 2 )/ 6.7 (m, IH, -NH-qi=CH-) / 6.98 (t/ IH, 

5 — anthranilic acid)/ 7,35 (m/ 2H/ 3 ' , 4 ' — anthranilic 
acid)/ 7.95 (d, br, IH, -CO-m-CH-) , 8,25 (d, IH, 
-NH-CHO) / 8.38 (d, IH, 6' -anthranilic acid). 

50 : mp, 61°C 

Mass:m/e: 186(M^)/ 177 (m'^-CH^) base peak. 


The cjuinazolinium salt 51^ was prepared from 6 and tri- 
methylsilyl chloride in quantitative yields. The structural 
assignment for is supported by spectral data. 


51; mp. 160°C 

Mass; m/e: 186 (M'^’-Me^SiCl) 

ir : V (KBr) cm"^: 2600 (br)(salt)/ 1610, 1580, 1550 
max 

(C=C/ C=N)/ 960/ 900 (Si-0). 


The reaction of ^ with n-BuLi, gave products arising from 
addition of the organometallic reagent to the 1-2 bond, leading 
to the cyclic adduct ^ (16.5%) and the open chain analog 53 
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(l7.5/o) (chart C.13) . It may be noted that/ whilst the acetyl 
salt gave, with organometallic reagents, corrpounds of a diff- 
erent nature compared to that from the precursor 6, that with 
the trimethylsilyl salt were quite similar. It is quite possible 
that this may be due to the prior desilylation of 51 6 follo- 

wed by addition of n-BuLi, The structural assignment for 52, 
and 53, is supported by spectral data. 


52 : bp. l60°C/0.2 mm 

ir : i^^^^(neat) cm-^: 3340 (NH) , 2960, 2920, 2860 

lUaX 

(saturated CH) , 1690 (amide carbonyl), 1650, 1580 

(c=c). 

nmr: 6(CDCl2)60 MHz: 0, 8-1.9 (m, 9H, butyl), 4,0 (m, 2H, 
-N-CH^-), 5.2 (m, 2H, -CH=CH 2 ) , 5. 6-6. 2 (m, 2H, 
-CfeCH^, -CH-Bu) , 7-7.6 (m, 4H, aromatic). 

bp. 190°C/0,2 mm 

ir : ^ (neat) cm”^: 3320 (NH) , 2960, 2930, 2860 (satu- 
max 

rated CH) , 1640 br (amide carbonyl). 

nmr: 6(CDCl2)60 MHz: 0.8-1. 9 (m, 9H, n-butyl) , 4.5 (m, 2H, 
-NH-CH 2 -)/ 5.2 (m, 2H, -CHrrCH^), 5.9 (m, IH, -CH^CH^), 
6, 4-8.0 (m, 6H, aromatic, -N=qi-, -CC-NH-) . 



78 


In the earlier reactions involving either the 3-allyl-3,4- 
dihydro-4-oxoquinazoline (6) or its salt, the involvement of the 
expected conjugate base, that is a prerequisite for cyclisation 
to the 2--position, was inferred in some cases. Thus, experiments 
have shown very clearly that there is a great tendency for 
systems such as 6 to undergo nucleophilic addition at the 2-loca- 
tion. This is very strongly re-infofced from studies relating 
to the reactions of such systems with hydroxide ions, where the 
addition to the 1-2 bond takes; place with great ease ( vide infra ) . 

It was therefore anticipated that a terminal O" generated, must 
add to the 1-2 bond, provided the transition state is permissible. : 
With this objective, the reaction of 2'-hydroxyethyl-3,4-dihydro- 
4-oxoquina20line (1/7) was studied with PhLi as well as with 

n-BuLi. In both the cases, the isolated product were the simple 

^- 14 - 

adducts ^ (3 3%) and Sl_ (^3%) respectively. Based on the proper- ^ 
ties of systems such as 1/7, it has to be concluded that, the 
conjugate base of 1/7 which must result via quenching process, 
should readily add to the 2-position of quinazoline, transferring 
the charge to the 1-nitrogen. It is clear from the results of 
experiments with 1^, that the equilibrium favours the open oxygen 
anion and that the reaction proceeds in an irreversible manner, 
by the addition of elements of the organolithixim corrpound to the 
2-position. Thus, in this case also, the tricyclic system that 
could be related to the ATP-Imidazole Cycle was produced, but 
could not be made use of owing to its instability under the 
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conditions of the reaction. The structural assignment for 56 
and ^ are supported by spectral and analytical data (CHART C.14). 


56 : mpi 115-6°C 

Mass: m/e: 268 208 (m'*’- .HN-CH.-CH^-OH) ^ 191 , ) , 

Q 2 * 2 * o 5 

119 ( )+. 

ir : V^^^(KBr) cm"^: 3400 (OH), 3320 (NH) , 1620, 1610, 

iuaX 

1580 (C=0) . 

nmr: 6(CDCl2)60 MHz: 3.1 (m, 2H, -N-CH^-) , 3.6 (m, 2H, 

-CH^-OH), 4,8 (br, IH, -NH-), 5.8 (d, IH, 2'-quina- 
zoline ring), 6.4 (m, IH, 8' -quinazoline ring), 

6.8 (m, IH, 6' -quinazoline ring), 7.1 (m, IH, 7'- 
quinazoline ring), 7.3 (s, 5H, phenyl), 7.85 (dd, 

IH, 5 '-quinazoline ring) . 

57 : mp. 94-5°C 

ir : 2^ (KBr) cm“^: 3300 (br)(OH,NH), 2950, 2800 
max 

(saturated CH) , 1630, 1570 (C=0) . 

nmr: 6(CDCl2)500 MHz: 0.86 (t, 3H, -CH^) , 1.25 (m, 4H, 

-CH_-CH--CH-) , 1.65, 1,85 (m,m, 2H, -CH-CH„-) , 

"*'“2 ““2 o ^ 

3.18 (br, IH, -CH 2 -OH) , 3,63 (br, IH, -NH-CH^-) , 

3.8 (m, 2H, -N-CH 2 -CH 2 “) , 4.0 (m, IH, 2 ' -quinazoline 




28 
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ring), 4.65 (m, 2H, . -CH^-OH) , 6.65 (d, IH, 8'- 
quinazoline ring), 5.84 (t, IH, 6 '-quinazoline ring), 
7.25 (m, IH, 7 '-quinazoline ring), 7.85 (d, IH, 5'- 
quinazoline ring) , 


To assess the proclivity of the quinazolone system for 
addition to the 1-2 bond, a conpetition experiment was planned, 
using 3-(2'-CYanoethyl-3,4-dihydro-4-oxoquinazoline (26) as the 
substrate. In this, the result should reflect the tendency 
towards addition to the 1-2 bond of quinazolone against 1,2 
addition to the nitrile function. In the latter case, the 
resulting electron excess system created at the nitrogen could 
lead to cyclisation, that would offer a method for the template 
mediated synthesis of 6-membered heterocyclic system. In the 
event, however, when ^ was reacted with PhLi, 65,5% of 3,4-dihy- 
dro-4-oxoquinazoline 2 arising from a retro-Michael reaction was 
obtained. This clearly demonstrates the formation of the conju- 
gate base at the 2 '-position, where the organometallic reagent 
performed the function of a base. Of interest, however, was the 
formation of, in 18.5% yield, 2-phenyl-l, 2, 3, 4-tetrahydro-4-oxo- 
quinazoline (^) resulting from prior 1, 2 addition to the quina- 
zolone system, since compound 2 formed by retro-Michael process 
would immediately form the conjugate base with PhLi, thus totally 
precluding the addition to the 1-2 bond. Therefore, the results 



82 


of the reaction of _26 with PhLi gives a fair assessment of three 
different processes that are possible. It is clear that the 
retro— Michael reaction is preferred. The next important pathway 
is the addition of elements of PhLi which on retro— Michael would 
lead to 59, The structural assignment to 59 is supported by 
spectral and analytical data and on comparison with properties 
of the substance prepared in a different manner in the litera- 
ture^^ (CHART C. 16) . 


mp. 228°C 

Mass:m/e: 224 (m'''), 147 120 (M'^-CgH^ .-HCN) , 

92 (M'*‘-C^H^.-HCN-C0) . 

O D 

ir : ^ (KBr) cm'"^: 3300/ 3200 (NH) / 1670 (amide 

rfioX 

carbonyl)/ 1620, 1510 (C=C) . 

nmr: 6 (DMSO-dg) 500 mz : 5,72 (m, IH, -NH-CH-NH-) , 

6.5-7.65 (m, lOH, aromatic, -NH-CH-Ph) , 8.22 (d, IH, 
-C0-NH-CH-) , 


As stated earlier, pKa considerations would make 3-(2'- 
anilinoethyl) -3/4-dihydro-4-oxoquinazoline (28) a good subsCTate 
for cyclisation to- the tricyclic system. In the event, however, 
reaction of 28 with the in situ generated Li-di-n-butyl amide gave 
a complex mixture from which 26% of the unusual hetero system 
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resulting from addition of the Li-di—n~butyl amide unit to the 
1-2 bond followed by rupture was obtained. Here again, it is 
rationalised that the conjugate base of 28 was indeed generated 
and that it formed an equilibrium mixture with the corresponding 
tricyclic anion by intramolecular addition to the 1-2 bond. 

This equilibrium which is anticipated to be in favour of the 
tricyclic system, is disturbed by the irreversible addition of 
L i—di—n— butyl amide to the 1—2 bond and subsequent rupture of 
the 2-3 bond leading to the open system. The structural assign- 
ment for ^ is supported by spectral data (CHART C.15). 


58: Syrup 

ir : V (KBr) cm"^: 3350 (NH) , 2960, 2920, 2860 (satu- 

rQHJK 

rated CH) , 1670 (amide carbonyl). 

nmr: 6 (CDCl 2 + DMSO-dg) 60 MHz : 0, 6-1.7 (m, 14H,- 
-CH^-CH^-CH^ X 2), 3.2 (m, 6 H, -N-CH 2 x 2, 
-CH 2 -NH-J?), 3.55 (t> 2H, -CH 2 -CH 2 
(m, 5H, aromatic, -N=CH-N) . 


NH-i2f), 6. 2-8. 2 



In most of the reactions discussed above, it is concluded 
that the expected tricyclic systems were indeed produced, but 
these systems always existed in equilibrium with the open 
partners. Whilst, strain, steric and stereo electronic factors 
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would not favour the rupture of the 2-3 bond in the tricyclic 

systems^ such a process is greatly favoured in the open systems. 

This factor has made efforts to isolate the tricyclic products 

arising from cyclisation, infructuous. Several other endeavours 

to bring about either cyclisation or the transformation of the 

3 — alkylated quinazolones to further useful subtrates are VTOrthy 

of passing mention. Attempted cyclisation of 3-allyl-3,4- 

dihydro-4-oxoquinasoline (6) to the tricyclic system, which via 

a cyclic operation could give rise to the daughter product 

pyrrole and the parent anthranilic acid, with acetic anhydride, 

trif luoroacetic acid, BF^-etherate and HBr led to recovery of 

the starting material. It was felt that the desired cyclisation 

can be promoted by activation of the 1-nitrogen. To this end 6 

was reacted with either NaNO^-mineral acid that could have 

resulted in the nitrosation of 1-position or with peracids that 

1 

could have led to the N -oxide. In both cases the starting 
material was recovered. Attempted cyclisation via mercuric acetate 
activation also failed.. The readily available 2’/2'-diethoxyethyl- 
3 , 4-dihydro-4-oxoquinazoline 8 was reacted with peracetic acid 
with the expectation that this would lead to the concomitant 
formation of N^-oxide- aldehyde that could undergo cyclisation and 
via further pathways in the cycle ^to oxazole. In the event, the 
starting material was recovered. Similar results were obtained 
with NaNO^-hydrochloric acid on B. The oxime was then consi- 
dered as a possible substrate for further compounds relating to 
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the cycle. It was envisaged that the reduction of the oxime 
to the corresponding hydroxylamine could lead to the generation 
of the conjugate base of the hydroxylamine. It is known that 
such conjugate bases are very powerful nucleophiles and they 
exhibit this property via the nitrogen lone pair/ eventually 
giving rise to N-hydroxy compounds. In the event, however, 
the reaction of oxime 10 with either sodium amalgam or lithium 
aluminium hydride failed. Another strategy that was attempted 
was the dehydration of 3-(2'-oximinoethyl) -3,4-dihydro-4-oxo- 
quinazoline ( 10) to the corresponding nitrile, namely, 3-cyano- 
methyl-3, 4-dihydro-4-oxoquinazoline via dehydration. It was felt 
that this would be an attractive compound for further processing 
along the cycle, since, it could be readily seen that nucleophilic 
addition to the nitrile function followed by cyclisation and 
cleavage could lead to 2-substituted imidazoles, with the regene- 
ration of the template anthranllic acid. Attempted dehydration 
of the oxime 10 with acetic anhydride or p-toluenesulphonyl- 
chloride or triphenylphosphine-triethylamine in carbontetra- 
chloride did not succeed. Finally attempted cyclisation of the 
conjugate base of oxime W that could eventually lead to N-hydro- 
xypyrroles, by treatment of with either morpholine or sodium 
methoxide also led to the recovery of the starting material. The 
ready tendency of 3 - ( 2 ' -oxoethyl) -3, 4-dihydro-4-oxoquinazoline(7) 
to exist either as the hydrate or as ammonia adduct has been 
commented upon earlier. It was felt, that the ammonia adduct 11, 
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for which the tricyclic structure has been proposed/ could be 
further processed along the cycle to lead to imidazole and 
anthranilic acid via removal of the hydroxy group as a better 
leaving group. To this effect compound jJL was treated with 
reagents such as acetic'^hydride<-pyridine, TiCl^-pyridine# thermo- 
lysis in xylene/ treatment with trifluoroacetic acid/ treatment 
with HCl, reaction with NaH in DME and in a two phase system 
with anhydrous K^CO^ . In all these cases^ the product obtained 
was the aldehyde 7. 

Endeavours to rupture the 1-2 bond of the specifically 
3-substituted-3/ 4-dihYdro-4-oxoquinazoline (TABLE C.I) was also, 
simultaneously carried out. It was pointed out earlier, that, 
with reference to the chemical siumulation of the salient 
features of the ATP- Imidazole Cycle, the second stage is flexible 
(CHART C.IIl). Thus, specific cleavage of the 1-2 bond, followed 
by cyclisation, could lead to results identical to that, wherein, 
the pathway followed is cyclisation followed by 1-2 bond rupture. 

67 

A n\amber of reports are available in literature relating 
to the action of dilute alkali on systems similar to that presen- 
ted in Table C.I. Excepting in rare cases, mostly belonging to 
the 2-substituted category, the results of such dilute alkali 
hydrolysis do not give information relating to which of the two 
bonds, namely, the 1-2 or the 2-3, is initially ruptured, since, 
the product isolated was either anthranilic acid or substrates 
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where the 2-carbon had disappeared ^ It may be noted, that 
either 1—2 or 2—3 rupture would give rise to an additional amide 
unit, which could be further cleaved, generating the NH function. 
In early experiments involving treatment of the 3-substituted 
quinazolones prepared in this work, with dilute alkali, gave, 
most gratifyingly anthranilic acid which atleast amounted to the 
recovery of the parent. A detailed analysis of such reactions 
soon brought out the uncertainities associated with the formation 
of anthranilic acid. As stated earlier and illustrated in 
CHART C.VI, alkali can cleave either the 1-2 or the 2-3 bond. 

The desired 'b' type cleavage will keep the required 2-3 bond 
intact, in contrast to the ' a' type cleavage which is of no use 
relating to the further transformations of the cycle. All the 
evidence with 3-substituted-3, 4-dihydro-4-oxoquina20lines with 
dilute alkali are in more agreement ■'-ith the 'a' type cleavage 
(CHART C.VI) . 

The readily available 3-allyl-3, 4-dihydro-4-oxoquinazoline 
(6) was the natural choice for preliminary studies related to 
cleavage with dilute alkali. Reaction of 6 with IN NaOH, followed 
by benzoyl ation of the reaction mixture, gave, the di- amide ^ 
(17%) and 2 -phenyl- 3, 1 (4H) -benzoxazone (^) (27.5%) and benzoyl- 

anthranilic acid (65) (43%) the latter arising from benzoyl ation 

of the anthranilic acid produced in the reaction. It was also 
shown that the hydrolysis product ^ could, be cornpletely cleaved 



cr 



o 


CH^-CH(OEt). 
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to anthranilic acid (l^) with aqueous alkali. The structural 
assignment for 2— phenyl— 3, 1 (4H) — benzoxazone ( 61 ) i whose foarmation 
is rationalised on the basis of the formation of the mixed anhy- 
dride between 65 and benzoyl chloride followed by cyclisation 
and loss of elements of benzoic acid^ was confirmed by prepara- 
tion of authentic^ sarrple from N— benzoyl anthranilic acid^^ and 
acetic anhydride. The formation of 60 is a result of the cleavage 
giving rise to authranilic acid allyl amide, which, in principle, 
could arise either by 1-2 cleavage, that would give rise to N- 
formyl anthranilic acid allylamide or by 2-3 cleavage leading 

to N-formylanthranilic acid 62. Since compound 62 could be 

69 

readily prepared from anthranilic acid and formic acid , its 
involvement in situ could be demonstrated by treatment with 
aqueous hydroxide under conditions described above. In the 
event, treatment of with aqueous hydroxide led to the forma- 
tion of anthranilic acid in excellent yields. This experiment 
would only show that the N- allyl amide of anthranilic acid, the 
cleavage product of 6 with hydroxide could arise either by 1-2 
or by 2-3 cleavage. It may be noted that the 2-3 cleavage 
product would result in a bis amide which will be very highly 
susceptible for further hydrolysis. Since, 2-phenyl-3, 1 (4H) - 
benzoxazone arises from anthranilic acid produced by the clea- 
vage, the extent of anthranilic acid formation comes to 70,5%. 

The structural assignment for SO and 61 is supported by spectral 
and analytical data (CHART C.17, C.18 and C.19) , 



CHART. 
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60 : mp. 95-6*^C 

Mass:m/e: 280 (m'*') , 224 ), 203 

6 5 

196 -CO), 175 ) . 

6 5 * 

^ (NH) , 1650 (amidecarbonyl) , 

1600, 1590, 1520 (C=C, secondary amide) • 

nmr: 5 (CDCl 2)200 MHz: 4.15 (t, 2H, -N-CH^-) , 5.3 (m, 2 H, 
-CH=qi 2 ), 5.95 (m, IH, -CfeCH^) , 6.7 (s, br, IH, 
-CO-NH-CH^-) , 7.1 (t, IH, 5'-anthranilic acid), 

7.3 5 (m, 6 H, 3,4,5-phenyl, 3 ' , 4 '-anthranilic acid, 
-NH-CO-0), 8.1 (d,d, 2H, 2,6-phenyl), 8.7 (d, IH, 

6 ' -anthranilic acid). 

61: mp. 123-4°C 

ir : V (KBr) cm~^: 1760 (lactone), 1610, 1565 (C=C, C=N). 
max 

nmr: 6 (CDCl 2 ) 200 MHz: 7.55 (q, 4H, 2,3,5,6-phenyl), 7.75 

(d, IH, 4-phenyl), 7.85 (dd, IH, 8 ' -benzoxazone ring), 
8.25 (dd, IH, 5 ' -benzoxazone ring), 8,35 (dd, 2H, 

6 ', 7 ' -benzoxazone ring). 


As anticipated, the cleavage of the 6-nitro-3-allyl-3, 4- 
dihydro- 4 -oxoquinazoline (14) , could be brought about under 
much milder conditions using 0.5N NaOH. The s-ole product that 
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could be isolated was 5~nitroanthranilic acid'^^ (.63) in 95% 
yields (CHART C. 20) . V. 

The reaction of 2,2 -diethoxyethyl-3, 4-dihydro-4-oxo- 
quinazoline (8) with aqueous sodium hydroxide under reflux, 
followed by benzoylation of the resulting reaction mixture, gave 
rise to the amidoacetal ( 64 ) (82.5%) and N-benzoylanthranilic 

acid (57.2%), arising from benzoylation of the corresponding 
amines, 2', 2-diethoxyethylamine ( aminoacetaldehyde diethylacetal) 
and anthranilic acid. The structural assignment for 64 is 
supported by spectral and analytical data and that for ^ by 
comparison with authentic sanple. (CHART C.21). This cleavage, 
although of no use pertaining to further processes related to 
the cycle, offers an advantageous method for the preparation of 
sensitive amino compounds such as those related to 64 . 


65 : 

mp. 

274°C 

64: 

bp. 

ll5°C/0.25 mm 


Mass:m/e: 191 (M^-C 2 HgOH) . 

ir : V (neat) cm"^: 3345 (NH) , 1660 (amide carbonyl), 
max 

1605, 1580, 1550 (C=C, secondary amide). 

nmr; <5 (CDCl^) SO MHzt 1.15 (t, 6H, — CH2“CH22c2) , 3.5 (m, 6H, 
-CH 2 -CH 2 X 2 , -NH-CH2~), 4.55 (t, IH, -CH 2 -CH) , 6.55 
(br, IH, -C0-NH-), 7.1-7.8 (m, 5H, aromatic). 




CHA RT.C.21 



C HART.C.22 




aq.NaOH 

PhCOCt 





Ph 
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As anticipated, the, 6-nitroanalog of 8, namely 15 , 
underwent cleavage with dilute alkali under relatively mild 
conditions giving rise to, after benzoylation, conpound 

(86.5%) and a much better yield of 5-nitro-N-benzoylanthranilic 

7l 

acid (63a) (78%). No other product could be isolated 

(CHART C.22) . 

63a: mp, 255*^0 


The reaction of 3-(2'-nitroethyl)--3,4--dihydro-4-oxo- 
quinazoline (33'* with aqueous alkali followed by benzoylation gave, 
as the sole isolable product, 2-phenyl-3, l(4H) -benzoxazone 
(61.) in 61% yields. 

It was mentioned earlier, that on the basis of pKa consi- 
derations, the compound 3-benzoyl amino-3, 4-dihydro-4-oxoquina- 
zoline (33.) could be placed in the cycle by prior cleavage of 
the 1-2 bond followed by cyclisation and rupture. In the event, 
the reaction of ^ with aqueous hydroxide gave an 18% yield of 
o-aminobenzoyl hydrazine ( 66 ) , an 8% yield of 1-benzoyl- 2-o- amino- 
benzoyl hydrazine (.67) and a 73% yield of anthranilic acid* The 
formation of these compounds could again be explained on the 
basis of either the 1—2 or the 2—3 cleavage, since, here also, 
the 2-carbon has been removed. It was also shown that the 
anthranilic acid benzoylhydrazide 67 could be readily hydrolysed 
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to anthranil.ic acid. The structure of 66 was confirmed by 
comparison with authentic sample prepared from methyl anthrani- 
late and hydrazine'^^ (CHART C.24). 


66 : mp. 123°C 

3440, 3320 (NH^) , 1650 (amide 
carbonyl), 1620, 1580 (C=C) . 

nmr: 6 (DMSO-dg) 500 MHz: 6.22 is, 4H, CONH-NH , -C.H.-NH ) , 
6.4 (t, IH, 5'-anthranilic acid), 6.62 (d, IH, 3'~ 

acid), 7.05 (t, IH, 4 * — anthranilic acid), 
7.73 (d, IH, 6' -anthranilic acid), 9.4- (s, IH, 
-CO-NH-) . 

67 : mp. 178°C 

Mass: m/e: 255 (m"^) 

ir : ^400, 3280 (br, NH^) , 1650 (amide 

carbonyl), 1620, 1575 (C=C) . 

nmr: 6 (DMSO-dg) 500 MHz; 6.3 (s, 2H, -NH2) / 6.42 (t, IH, 

5 ' -anthranilic acid), 6.65 (d, IH, 3 '-anthranilic 
acid) ,7.18 (t/lH,4'- anthranilic acid), 7.48 (t, 2H,3,5- 
phenyl) , 7.55 (d, IH, 4-phenyl), 7.6 (d, IH, 6'- 
anthranilic acid), 7.9 (d, 2H, 2,6-phenyl), 10.2 
(br, 2H, -NH-NH-) . 
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The aqueous alkali rupture of 3-substituted 3,4-dihydro- 
has not given products that could be parocessed 
on the cycle. Also, no definite conclusions could be arrived at, 
relating to which of the two bonds, namely, 1—2 or 2—3 undergoes 
the initial cleavage. 

The [3,3] shift in the quinazoline and purine series was 
taken advantage of, as described earlier, for the preparation 
of specifically N- alkylated compounds of relevence to the cycle. 

It was envisaged that such a strategy could also lead to 
specifically N- alkylated products that can Tjndergo further trans- 
formations, under the conditions of the reaction, along the 
desired cycle, progressing even to the generation of the terrplate 
and the product i These expectations are ellustrated in CHART 
C.VII, with 3, 4-dihydro-4-oxoquinazoline _2, derived from the 
model template anthranilic acid, as che substrate. The same 
sequence of reactions are also possible with hypoxan thine 34 , 
readily available from the template molecule 5- amino imidazole- 4- 
carboxamide. It could be readily seen from CHART C.VII that the 
initially formed [3,3] shift product, derivable either from the 
oxime ethers (X=0) or hydrazones (X=NH) , related to either the 
quinazolone 2 or the hypoxanthine 34, could undergo further 
cyclisations readily, and the resulting tricyclic systems could 
be further transformed to the parent template and the daughter 
imidazole. In the case of such [3,3] transformations with 



CHART C-Vll 
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hydrazones (X=NH) the tricyclic systems arising from cyclisation 
of the primary [3,3] shift, could undergo further fragmentation 
to the daughter imidazole with the concomitant generation of the 
carbonyl function of the template as a nitrile equivalent. In 
the case of oxime ethers (X=0) as well as with hydrazones (X=NH) 
such tricyclic systems could be hydrolytically transformed to 
the daughter imidazoles and the parent templates. 

4-chloroquinazoline (4), readily preparable from 3 , 4 - 
dihydro-4-oxoquinazoline ( 2 ) , on treatment with the conjugate 
base of acetone oxime gave the expected oxime ether 74 in 90% 
yields. The structural assignment for 74 is supported by spectral 
and analytical data (CHART C.27), 


74 : viscous liquid 

ir : V (neat) cm~^: 1620, 1570 (C=C,C=N), 
max 

nmr: 6 ( 00013)60 MHz; 1.95 (s, 6 K, -N=C(CH 3 ) 2 ), 7. 1-8.0 
(4H, 5 6' , 7 ', 8 ' -quin azoline ring), 8,66 (s, IH, 
2 ' -quinazoline ring) . 


Neat thermolysis of 74 gave, as the sole isolable product, 
a colourless crystalline compound mp. 205 C which has been assi- 
gned structure 75 (20%) on the basis of spectral data. The 
formation of 75 can be rationalised as shown in CHART C.VIII, via 
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participation of the highly reactive nitrogen lone pair of the 
oxime ether generating electron excess at the 3-position of the 
quinazoline ring, which, in turn, ruptures the fragile oxirane 
system thus produced giving rise to a nitrone, that could be 
ejqpected to undergo ready hydrolysis to acetone and 75 (CHART C. 210. 


75: mp. 205°C 

Mass: m/e: 161 (m"^) 

ir : V (KBr) cm"^: 3340 (NH) , 1685 (C=N-OH) , 1585, 
1560, 1520 (C=C, C=N) . 

nmr: 6 (DMSO-dg) 500 MHz: 7.48 (m, IH) , 7.63 (t, IH) , 
7.76 (m ,2H), 8.1 (m, 2H) , 8.32 (s, IH) . 


04 


In a parellel series of experiments 4-chloroquinazoline( 4) 

73 

was converted to 4-hydrazinoquinazoline • in 80% yields, which, j^- 

‘ 74 

on treatment with acetone gave the hydrazone 77 (9 5% yield) . 

The structural assignment for 76 and 72 is supported by spectral 


data (CHART C.27) . 


mp. 185- 6°C 

ir : V (KBr) cm”^: 3320, 3200 (NH-), 1640, 1620, 1580 
max ^ 

(C=C, C=N) . 


76 : 
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72: mp. 174- 5°C 

3100 (NH), 1615, 1560 (C=C, C=N) . 


The hydrazone 22 was treated with polyp hosphoric acid 
under conditions normally employed for the Fischer- Indole 
rearrangement* Careful analysis of the resulting complex mixture 
gave a 39% yield of 3^ 4-dihydro-4-oxoquin azoline {2)' and a crys- 
talline compound mp. 205-6°C which has been assigned the bis- 
2, 5-o-aminophenyltriazole structure 22 (9,65%). The formation 
22 rationalised in CHART C.IX. As with many examples 
presented earlier, the hydrazone TJ. could readily lose the 2- 
carbon position of the quinazoline, giving rise to an amide 
hydrazone. Two of such units could condense with loss of elements 
of hydrazine and the resulting dimer on cyclisation with loss of 
ammonia could give rise to 78 (CHART C.27). 


28: mp. 205-6°C 

Mass:m/e: 251 (m"'') 

ir : V (KBr) cm”^: 3460, 3400, 3340 (NH^) , 1610, 1575, 
max ^ 

1550 (C=:C, C=:N) . 

nmr^ 6 (DMSO— d^) 500 MHzs 6*64 (t/ 2H/ 5*— ring) # 6*81 (d/2H, 

D 

3 ’-ring), 7.14 (t, 2H, 4 '-ring), 7.83 (br, 2H, 6'- 
ring) . 
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In a parallel series of experiments/ 9 -ben 2 yl- 6 -chloro- 
purine (3_6), prepared from hypoxanthine/ was converted to the 
oxime ether 79 (61.6%) and the hydrazine^"^ 81 ( 86 . 6 %) by proce- 
dures outlined for the preparation of 74 and 76 from 4 ( vide 
suprs ) . Similarly 7-ben2yl-6—chloropurine (37) and 9-tetrahydro— 
pyranyl- 6 -chloropurine (41) were also transformed, respectively, 
to oxime ethers 80 (60%) and 82 (76%) , The structural assign- 
ment for these coirpounds is supported by spectral and analytical 
data. Thermolysis of the oxime ethers 79 and 80 either neat or 
in solvents such as o-dichlorobenzene gave complex mixtures. 

The oxime ether 82 on neat thermolysis gave a 20% yield of 
9-tetrahydropyranyl hypoxanthine (83) (CHART C.28 and CHART C.29). 


79: 


80 : 


mp, 170^C 

ir : ^ (KBr) cm"^: 1590, 1570 (C=C/ C=N) , 1060 (C-0) . 

max 

nmr: 6(CDCl2)60 MHz: 2.2 (d, 2H, -N=C(q;! 2 ) 2 ) / 5.4 (s, 2H/ 
-CH^-jZf), 7.3 (s, 5H, phenyl), 7.9 (s, IH, 8 '-purine 
ring), 8.6 (s, IH, 2'-purine ring). 

mp . 15 5°C 

ir : 2^ (KBr) cm"^: 1610, 1545 (C=C, C=N) , 1040 (C-0) , 

max 

nmr: 6 ( 00013)60 MHz: 1.9, 2.1 (s, s, 3H, 3H, -N=C(CH 3 ) 2 )/ 
5.6 (d, 2H, -.Cii^-0) , 7.1 (m, 5H, phenyl), 8.0 (s, 

IH, 8 ' -purine ring) , 8,7 (s, IH, 2'-purine ring). 





CHABT c.sa 
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81 ; mp. 209°C 

82: mp. 13 5*^0 

™ * 2950, 2810 (saturated CH) , 1590, 

1570, 1540 (C=C, C=N), 1050 (C-0) . 


nmr: 6(CDCl2)60 MHz: 1.9 (m, 6H, THP-ring) , 2,1, 2.2 
(s, s, 3H, 3H, -N=C(CH 3 ) 2 ), 2H, O-CH^-) , 

5,6 (m, IH, -N-CH-0-) , 8.0 (s, IH, 8 '-purine ring), 
8,5 (s, IH, 2 '-purine ring). 

83: mp. 198-200°C 

Mass;m/e: 220 (m”^) 

ir : ^rnax^^^^ (amide carbonyl) . 

nmr: 6 (DMSO-dg) 200 MHz: 1.4-1, 9 (m, 6H, THP ring), 

3.75 (m, 2H, -0-CH2“) , 5.6 (m, IH, -N-Ol-O-) , 

8.1 (s, IH, 8'-purine ring), 8.3 (s, IH, 2'-purine 
ring) . 


With the realisation of difficulties associated with the 
formation of tricyclic systems that are of relevance to the 
chemical simulation of the cycle, it was considered appropriate 
to effect the synthesis of such suitably substituted compoxinds 
and then examine the possibilities of their transformations to 
the daughter products and the parent templates. Interestingly, 
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a number of natural products are known# where a five membered 
ring is attached to a parent quinazoline system'^^. It was felt 
that the known tricyclic system 88 would be an ideal choice for 
changes along the cycle# since# it could not only lead to the 
daughter product# N— phenyl imidazoline but also regenerate the 
parent model template# that is the focus of the present work# 
namely# anthranilic acid. Indeed# the synthesis of the tricyclic 
system 88 is so fortuitously chairtered that the further trans- 
formations of ^ to N-phenylimidazoline and anthranilic acid 
would constitute yet another strategic approach to the chemical 
sumulation of the ATP-Imidazole Cycle (CHART C.X) . It may be 
noted that in this approach# the 3-Nitrogen and the 2-carbon of 
the potential imidazole molecule are simultaneously introduced as 
the quinazoline-2# 3-positions. The oxidation state of the resul- 
ring 1, 2#3#4-tetrahydro-2#4-dioxoquinazoline is higher, thus# 
warranting a reduction at a subsequent stage I (CHART C.X) . 

Reaction of anthranilic acid (l) with freshy prepared 

If, 

KCNO gave in 85% yields 1# 2# 3# 4-tetrahydro-2# 4-dioxoquinazo- 
77 

line (84) which on treatment with POCl^ gave# as reported# 2,4- 

78 

dichloroquinazoline (85) (89%) . Conpound 85 underwent with 

ethylene chlorohydrin in presence of K^CO^ specific ether forma- 

79 

tion leading to 2-chloro-4-(2‘-chloroethyD ether 86 (84%). 

Mere distillation of 86 led to# in 80% yields# 3- ( 2 ' -chloroethyl) - 

79 

2-chloro-3/4-dihydro-4-oxoquin azoline 87* The 86 ^ §2 thermal 

t nans formation is notewoxthy# In many wsys it nesemlDles the, 
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novel [3,3] changes of the quinazoline system reported in the 

present work, since this change also encoirpasses the specific 
-3 

N -alkylation with concomitant generation of the 4-oxoquin azoline 
system. However, the mechanism of this change is quite different 
from that related to the [3,3] shift. In all probability, the 
first step is the formation of a quinazolinium chloride arising 
from intramolecular halogen displacement. The generated halide 
ion regiospecif ically attacks the carbon adj acent to the oxygen 
atom leading to 87 (CHART C.X) , This change could have synthetic 
potential since the intermediate quinazolinixim ion could be 
intercepted with more effective nucleophiles, thus opening up a 

3 

method for the synthesis of diverse N -substituted 3,4-dihydro- 

4-oxoquinazolines. The reaction of ^ with aniline gave rise to 

80 

the key tricyclic system 88 in 81.2% yields. The 87 -•> 88 
change almost certainly involves the initial addition of aniline 
to the 1-2 bond of 87, displacement of the chloride and cycli- 
sation of the resulting 2-anil inoquinazolone. The structural 
assignments for product 84 , 85, 86 , 87 and _88 are in good agree- 
ment with that reported (CHART C,30), 


84 : mp. > 360^C 

85: mp. 118°C 

mp. 103°C 


86 : 
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1^10/ 1570, 1550 (C=C, C=N) , 

1100 (C-0) . 

nmr: 6 ( 00013)60 MHz: 3.85 (t, 2H, -O-CH^-) , 4.8 (t, 2H, 
•-OH 2 -OI) , 7.2-7,85 (m, 3H, 6 ' , 7 ' , 8 ' -quinazoline 
ring), 8.1 (m, IH, 5 '-quin azoline ring). 

87: mp. 92°0 

’■ 1580 (amide carbonyl), 1580, 1560 

(0=C, 0=N) . 

nmr: 6 ( 00013 ) 60 MHz: 3.8(t, 2H, -K-OI^-) , 4.6 (t, 2H, 
-OH 2 -CI), 7, 2-7,9 (m, 3H, 6 ' , 7 ' , 8 ' -quinazoline 
ring), 8.1 (m, IH, 5 '-quinazoline ring). 

88 : mp, 165^0 

ir ; ^max^^^^ cm”^: 1670 (amide carbonyl), 1620, 1580, 
1550 (0=C, 0=N) . 

nmr: 5 ( 00013)60 MHz: 3.85 (m, 4H, -N-CH 2 -OH 2 -N-) , 7. 2-8,3 
(m, 9H, aromatic) . 


It could be readily seen that compoxind S8 could be placed 
on the cycle, provided that the 1-2 bond on the quinazoline 
moiety, can be reduced. Further endeavours were totally directed 
to achieving this objective. In the event, however, the redu- 
ction of this bond was found to be particularly difficult, no 
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doubt/ because of its highly nucleophilic nature. Conditions 
that are normally employed for the reduction of diverse types 
of C=N bonds did not succeed. Thus attempted reduction of 88 
with B^Hg-THF/ B^Hg-BFj-THF/ NaBH^z catalytic hydrogenation under 
different conditions and using different catalysts/ the reduction 
of the acetyl salt, all gave the starting material. The trimethyJ 
silyl salt of 88 namely 9^ was readily prepared and treatment of 
this with NaBH^ led to the isolation of 88 in excellent yields. 
Atleast in this case it was demonstrated that the additional 
nitrogen that is present in the 2-position of the quinazoline 
moiety is making a substantial contribution to the recalcitrant 
behaviour of 88 towards acceptance of electrons. Thus, the 
trimethyl silyl salt _5l prepared from 3-allyl-3/4-dihydro-4- 
0 x 0 quin azoline (6) underwent smooth sodiumborohydride reduction 
leading to 3-allyl-l/ 2/ 3/4-tetrahydro-4-oxoquinazoline ( 91 ) 

(CHART C.32) . The structural assignment for 9^ and 91 are 
supported by sprectral data. 


22' mp. 253°C 

ir : a' (KBr) cm"^: 2300-2700 (br) (salt) . 
max 

91: bp. 200°C/0,2 mm 

ir ; V (neat) cm“^: 3300 (NH) , 1670 (amide carbonyl)/ 
max 

1640, 1610 (C=C) . 


CHART.C.ai 




115 


nmr: SCCDCl^) 60 MHz: 4,1^ 4.5 (m, 2H, 2H, -N-CH^-CH, 

N-CH^-N), 5.2 (m, 2H^ -CH=qi 2 ) , 5.9 (m, 2H,-qi=CH2)/ 
6 , 5-8. 3 (m, 4H^ aromatic). 


Eventually, it was possible to reduce 88 under quite 
forcing conditions via reduction of the AlCl^ complex with 
NaBH^ in diglyme at 85*^C. Unfortunately, the 1-2 bond survived 
this harsh treatment and the 4-oxo \init conpletely removed^ 
leading to the isolation of interesting tricyclic system _89 in 

Q-| 

83% yields . The structural assignment for 89 is supported by 
spectral data (CHART C.31). 


89 : mp. 188-90^C 

Mass; m/e: 249 (M"*") 

ir ; V (KBr) cm“^: 1620, 1580, 1560 (C=C, C=N) . 
max 

nmr: 6 (CDCI 3 ) 60 MHz: 3.2 (m, 2H, -CH^-CH^-N-iZ!) , . 3 . 7 (m, 

2H, -CH^-CH^-N-jZi) , 4.2 (s, 2H, 4 •-quinazoline ring), 
6 . 7-7, 4 (m, 3H, 6 ' , 7 ' / 8 '-qiiinazoline ring), 7.75 
(dd, IH, 5 '-quinazoline ring). 


In anoj^her approach, compound ^ was reacted with PhLi 
with the expectation that, as in earlier cases, addition to the 
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quinazoline 1-2 bond could take place leading to the removal of 
the unwanted 1-2 Tt-bond. Such a system could be processed to 
the daughter 1-2 diphenyl imidazoline and the model terrplate 
anthranilic acid. Surprisingly, the reaction when carried out 
gave a yield of 9_0 amounting to the replacement of the 4 -oxo 
system with a phenyl group. The structural assignment for 90^ is 
supported by spectral data (CHART C,3l) . The formation of 90^ 
can be rationalised, on the basis of the further transformations 
of the adduct of PhLi to the 4-oxo grouping of the quinazoline 
moiety of 88 . This intermediate could lead to a very highly 
stabilished 4-phenyl quinazolinium unit, which via acceptance of 
electrons from the reagent could lead to the observed product, 

90t mp, 193-5°C 

ir : (KBr) cm~^: 3030 (aromatic CH) , 1630, 1570, 

max 

1520 (C=C) . 

nmr: 6 (CDCl 2 + DMSO-dg)90 MHz: 3.3 (m, 2H, 3 '-ring), 3.75 

(m# 2H, 2'-ring), 6 . 5-8.0 (m, 15H, 5'-ring, aromatic). 


Finally, endeavours to cleave the tricyclic system 88 
with a variety of nucleophiles such as aqueous NaOH, NaOMe-MeOH 
and NaCN-aq, MeOH did not succeed. 
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The present work describes endeavours relating to the 
chemical simulation of the salient features of the ATP- Imidazole 
Cycle, incorporating experimentation in three distinct phases that 
encompasses the total operation, namely, 

1* the preparation of specifically and appropriately 
3 . . 

N —substituted 3 , 4— dihydro— 4— oxoquinazolines and the preparation 

» 

of protected specifically and appropriately N ^-substituted 
purines. 

2. the cyclisation of a variety of specifically N^-substi- 
tuted quinazolines to tricyclic systems that are related to the 
cycle. 

3 

3. selective cleavage of N -substituted 3,4-dihydro-4- 
oxoquinazolines . 

The objectives with reference to the first phase has been, 
by and large, accon^lished. Methods and methodologies have been 
developed, for the preparation of a variety of, often novel, 
quinazolines and purines. 

The cyclisation efforts pertaining to the second stage, 
although could not be solved, have brought out, above all, quite 
forcefully, the highly electrophilic nature of the 1-2 bond of 
N ^-substituted 3,4-diliydro-4-oxoquinazolines. Success here 
proved elusive, because either the tricyclic systems produced were 
so fragile as to make further studies infructuous, as in the case 
of 9, 11 and £5 or such systems existing in equilibrixm were 
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removed vie irreversible addition to the 2-position by external 
nucleophiles* ThuS/ the conditions for the successful cycli— 
sation is delicately poised and the present work has helped to 
define factors/ where such a cyclisation can occur# The cycli— 
sation endeavours have brought to light several facets of new 
chemistry relating to the reaction of N^-siibstituted 3/4-dihydro- 
4— oxoquin azolines with organometallic reagents that function 
either as a nucleophile or as a base or both# 

Attempts to hydrolytically cleave N^-substituted 3,4- 
dihydro-4-oxoquin azolines to products useful to the cycle did 
not succeed. It appears that the scission of the 4-oxo grouping 
would be more attractive, since, addition to the reactive 1-2 
bond is likely to result in the loss of the 2-carbon that is 
pivotal to the formation of the daughter product. Thus, if the 
addition to the 1-2 bond is discouraged via substitution at the 
2-position, the cleavage of the 4-oxo grouping may result. A very 
promising lead in this direction is the alkylation of 9-benzyl- 
adenine with ethyl enebromo hydrin leading to 11 . This compound, 
possessing a reactive imino grouping, can be fragmented to a 
nitrile by appropriate 1' -substitution. 

It may be concluded that the present work has enabled the 
construction of a broad based basic strategic framework that 
would eventually pave the way for the realisation of the solution 
to the problem. 
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E, EXPERIMENTAL 


Melting points and boiling points are uncorrected, |nfrare< 

spectra were recorded on Perkin-Elmer/ Model-3 77 and Perkin-Elme; 

Model- 580 spectrophotometers as thin films for liquids and KBr 

discs for solids. NMR spectra were obtained on approximately 

10-20% solutions in CDCl-^ and DMSO-d^ on EM-360/ XL-200/ R-32/ 

o o 

TR-90/ R-600 and a 500 MHz instrument. The chemical shifts are 
reported in parts per million downfield from tetramethyl silane 
at 0.00 as internal standard. Silica gel G (AOIE) was used for 
thin layer chromatography and colximn chromatography was done on ; 
silica gel (ACME, 100-200 mesh)/ columns were prepared from its 
slurry in petroleum ether (60^— 80^C) and distilled benzene. 
Reactions were monitored/ wherever possible, by tic. 
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I. 3^4-Dihydro-4-oxo quina 20 line^( 2) 

An intimate mixture of anthranilic acid _1 (54.8g, 0.426m) 
and formamide (26,8ml, 0.524m) was heated in an open beaker 
(250 ml) first at 135^0 for 3 hr and then at 170-180°C for 2 hr. 
During the first phase of heating, evolution of aimnonia was 
ohserved and. towards the completion of 3 hr, the entire mass 
solidified to a cake* This v/as powdered, extracted with hot 
vjater (200 ml), filtered and the residue on crystallisation from 
hot water (750 ml) gave 50.2 g (85%) of 2, mp. 216^C (lit^mp. 
216°C) . 

ir : 2^ _ (KBr) (cm ^) ; 3200, 3170 (amiide NH ), 1700 (amide 
max 

carbonyl) , 

35 

II. 6-Nitro-3, 4-dihydro-4-oxoquina2oline { 3 ) 

3,4-Dihydro-4-oxoquinazoline (_2) (20.0 g, 0.137 m) was 

added in small portions to a nitrating mixture prepared from 
fuming nitric acid (40 ml) and concentrated sulphuric acid (40 ml 
cooling the reaction flask under the tap after each addition. 

The mixture was heated on a boiling water bath for 0.75 hr, 
cooled to 0*^, poured over crushed ice (1.5 kg), the powdery, 
yellow product filtered, washed with chilled water (5 x 25 ml) 
air dried and then in vacuo to yield 23.73 g (90.8%) of 3, mp. 


286°C (lit^.^np. 284°C) . 
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(amide carbonyl), 1610, 1575 
(C=C, C=N) , 1510, 1350 (nitro) , 

m. 4-Chloroquinazoline^‘^(4) 

Under protection from moisture, a mixture of _2 (18.0 g, 
0.123 m), PCl^ (34.5 g, 0.166 m) and POCl^ (144 ml, 1,55 m) was 
refluxed for 2 hr. The POCl^ was removed from the resulting 
clear solution at 35~40 mm, the residue admixed with chloroform 
(150 ml), poured slowly over crushed ice (300 g) , adjusted under 
ice cooling to pH 8 with aqueous ammonia (sp. gr. 0.89), the 
organic layer was separated, the aqueous layer extracted with 
additional chloroform (2 x 50 ml) , the combined extracts dried 
(MgSO^) , evaporated at 15 mm and the residue was extracted with 
benzene. The benzene extract was passed through a column of 
basic alumina and then through a bed of charcoal (BDH) and eva- 
poration of solvents at 15 mm gave 4-chloroquinazoline (4) as a 
white crystalline solid, np. 97^C (lit^.^^rrp. 97°C) , yield 15.0 g 
(74%). 

IV, 4-Allyloxyquinazoline (5) 

Under protection from moisture and stirring, sodium (0.2 g, 
8.7 mmol) was added to excess allyl alcohol (10,0 ml) followed byi 
after completion of the reaction, 4-chloroquinazoline 4 (1.2 g, 

7,2 mmol). The reaction mixture was refluxed for 3 hr, solvents ; 
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evaporated ^ vaov^z triturated v/ith benzene, decanted, evaporat 
and the resulting viscous oil distilled to give 1.2 g (80%) of 5 
bp. 130°C/0.2 mm. 

tic ; PhHiEtOAc:: 97:3; Rf. 0.35. 


Anal. Cal cd 

for 

Sl^lO 

N 2 O 

(Mol. 

Wt. 

186) 


c. 

70 .-96; 

H, 

5.37; 

N, 

15.05% 

Pound 

c. 

71.0 ; 

H, 

5.21; 

H, 

15.4 % 


3070, 3040 (aromatic, oiefinic C-H) , 
1620, 1570 (C=C, C=N), 1090 (ether). 

nmr: 6 (CDCl 2 ) 60 MHz: 5.0 (m , 2H, 0 -CH 2 “CH) , 5.2 (m, 2H, 
-CH=CH 2 ), 6.1 (m, IH, -qi=CH 2 ) , 7.25-8.5 (m, 4H, 
benzene ring), 8,66 (s, IH, pyrimidine ring), 

V. Claisen Rearrangement of 5: Isolation of 3-Allyl-3,4- 
dihydro-4-oxoquinazoline ( 6 ) 

4- Allyloxyquin azoline (1,0 g, 53.7 m mol) was sealed unde; 
nitrogen in a pyrex tube and held at 200*^C for 24 hr. The dark ; 
brown pyrolysis product was separated from small amounts of 'll 
which had sublimed, triturated with CH 2 CI 2 , evaporated and the i 
residue chromatographed on silica gel* Elution with benzene: 
ethyl acetate:: 4:1 gave 5, which was distilled (bp. 135° C/0. 15 mi 
The distillate solidified to a crystalline mass of pure 6 , mp.65; 
(lit. 65°C) , yield 0.75 g (75%). 
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Anal. Calcd for {moI. wt. 186) 

C, 70.96; H, 5.37% 

Pound C, 71,06; H, 5.33% 

^ (amide carbonyl), 1615, 1570 

(C=C, C=N) . 

nmr: 6(CDCl2)60 MHz: 4.55 (m, 2H, N-CH^-CH) , 5.18 (m, 

2H, -CH=CH 2 ), 5.88 (m, IH, -.qi=CH 2 ) , 7. 2-7. 7 (m, 

3H, 6' ,7' , 8'-quinazoline ring), 7.9 (s, IH, 2'- 
quinazoline ring), 8.1 (m, IH, 5 ' -quin azoline ring) 

VI. Reaction of 2 with Allylbromide: Direct preparation of 6 

Under stirring freshly distilled allyl bromide (1,3 g, 

10 m mol) was added to a clear solution of the potassium salt of 
^-prepared from 2 (1.2 g, 6.5 m mol) and KOH pellets (0.5 g, 

9 m mol) in dry methanol (20 ml) . The albylation was corrplete 
after 2 hr reflux (tlc:PhH;EtOAc: :97:3; Rf. 0.2). Solvents were! 
evaporated to vacuo , the residue triturated with dry benzene, 
passed through a coliamn of basic aliomina, evaporated and crys- 
tallised from hot petroleum ether to give 1.3 g (85%) of 6, 
mp. 65°C. 
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VII. Reaction of 6 with Sodium aluminiuin chloride: Isolation 
of 2 by fragmentation: 

P reparation of sodi\im aluminium chloride : 

An intimate mixture of sodium chloride (3DH, AR, 5.85 
100 m mol) and anhydrous aluminium chloride {bdH, 26.66 g, 200 n 
mol) was brought to a melt over a flame. The clear homogeneous 
mixture that resulted was cooled, powdered and stored dry. 

Attempted cyclisation of 6 with NaAlCl^: 

A mixture of 3-Allyl~3,. 4-dihydro-4-oxoquin azoline 6 
(1.0 9 / 54 m mol) and excess NaAlCl^ (10,0 g) was held at 210°C : 
for 2 hr, cooled, powdered and dissolved in ice cold water 
(^ 200 ml) extracted with EtOAc and solvents evaporated to give 
0.745 g (95%) 2, mp. 216°C. 

VIII. Osmium tetroxide-periodate degradation of 6: Isolation 
of aldehyde 7 

Under stirring and protection from light, OsO^ (0.065 g, j 
2.5 m mol) was added to a solution of 6 (l.O g, 5.4 m mol) in 
dry dioxane ( 20 ml) . The reaction mixture was left stirred for i 
0.75 hr and the resulting brown solution was admixed v;ith, in i 
drops, over 2.5 hr, a solution of NalO^ (BDH, AR, 2.25 g, 18 m me 
in distilled water (20 ml), left stirred overnight, filtered. 
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washed, with ether/ ethyl acetate/ the combined filtrates eva- 
porated vacuo / the residue dissolved in water, extracted with 

ethyl acetate, dried (MgSO^) , and evaporated to give 0.4 g (40%) 
of 3-(2'-0xoethyl)-3,4-dihydro-4-oxoquina2Oline 7, mp. 152°C/ 
which was identical with the aldehyde obtained by the hydrolysis 
of 3- ( 2 ' -Diethoxyethyl) -3/ 4-dihydro-4-oxoquina20line 8 (vide 
infra) . 

IX, Alkylation of 2 with 2-Brorao-l/ 1-diethoxye thane: Preparation 
of 3- ( 2 ' -Diethoxyethyl) -3/ 4-dihydro-4-oxoquina20line (8) 

3, 4-Dihydro-4-oxoquinazoline 2 (2.0 g, 13,3 m mol) was 
introduced to a solution of sodium methoxide - prepared from 
sodium (0,32 g, 13.6 m mol) and methanol (15 ml) . The mixture 
was left stirred for 1 hr resulting in a clear solution. Solvents 
were evaporated, the residue admixed with dry HMPA (lO ml), 
warmed to achieve a clear solution, admixed with 2-bromo- 1,1- 
diethoxy ethane (Fluka, 2 ml, 1.52 g, 13.6 m mol) and left 
stirred at 100-120°C for 24 hr. The reaction mixture was cooled, 
poured over water (•^ 300 ml) extracted with hexane (3 x 150 ml), 
washed with water, dried (MgSO^) and solvents evaporated to give 
2.25 g (63%) of 3-(2'-Diethoxyethyl)-3,4-dihydro-4-oxoquinazoline 
(8) rrp. 79^C, 
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tic: EtOAc; Rf, 0,8. 

Anal. Calcd for (Mol. Wt. 262). 

C, 64.18; H, 6.87% 

Pound C, 64.02; H, 6.45% 

«<. i 

(amide carbonyl), 1615, 1565 

(C=C, C=N) . 

nmr: 6(CDClg)90 MEzz 1.15 (t, 6 h, ( 312 - 013 ), 3.58 (m, 4 H, 
CH 2 -CH 3 ), 4.0 (d, 2H, -qi 2 -CH-), 4.65 (t, IH, 

-CH 2 -CH-) , 7, 1-7, 7 (m, 3H, 6 ' , 7 * , 8 ' -quinazoline 
ring), 7.95 (s, IH, 2 '-quinazoline ring), 8.15 (d, 

IH, 5' -quinazoline ring), 

X. Hydrolysis of ketal 8 : Isolation of aldehyde J: 

A stirred suspension of finely powdered acetal 8 (3.0 g, 
11.4 m mol) was gradually heated to 80-90'^C. The resulting light : 
brown clear solution was cooled, poured over crushed ice (100 g) , 
neutralised to pH 7-7.5, saturated with sodium chloride, extracted 
with ethyl acetate (3 x 150 ml), the extract passed through a 
short column of silicagel, dried (MgSO^) and evaporated vacuo 
to give 1.6 g (74,4%) of 7 as a white powder, mp, 152^C, whose 
properties were identical to the sarrple obtained by the OsO^-NalO^ 
oxidation of the N-allyl conpound 6 . (vide sxapra) 
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Anal, Calcd. for 188) . 

C, 63.83; H, 4.25; N, 14.89% 

Found C, 63.88; H, 4.65; N, 14.7 % 

* 1720 (aldehyde), 1675 (amide carbonyl) 

nmr: 6 (DMSO-Dg) 500 I^Hz: 6.15 (d, 2 H, N-CH 2 -CH) , 7.52 (t, 

IH, 6 '-quina 20 line ring), 7.66 (d, IH, 8 '-quinazo- 
line ring), 7.8 (t, IH, 7 * -quin azoline ring), 8.15 
(d, IH, 5'-quinazoline ring), 8.22 (s, IH, 2'-quina“ 
zoline ring) . 

XI, Reaction of aldehyde 7 with Hydroxyl amine : Preparation of 
oxime 

A solution of the aldehyde 7 (0.05 g, 0,27 m mol) in 95% 
ethanol (5 ml) was admixed with the hydroxyl amine reagent 
solution - prepared from mixing of saturated aqueous solutions 
of hydroxylamine hydrochloride (0.027 g, 0,4 m mol) and NaOAc 
(0.048 g, 0,54 m mol), the mixture refluxed for 0.5 hr, solvents 
evaporated, the residue triturated with cold water, filtered, 
washed with cold water and dried to give, 0.24 g (44.4%) of 
oxime 10, rrp. 163-64°C, whose properties were identical to that 
prepared directly from acetal 8 (vide infra) , 
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XII. Reaction of ketal 8 with Hydroxylamine hydrochloride: 

Direct preparation of oxime 10 

A solution of the ketal 8 (1.0 g, 3.8 m mol) in ethanol 
( 10 ml) was admixed with an aqueous solution of hydroxylamine 
hydrochloride (0,53 g, 7.6 m mol, 10 ml) and the stirred 
mixture refluxed for 5 hr during which 8 was consumed (tic) . 

The reaction mixture was concentrated to 7 ml, cooled, 
filtered, washed with small amounts of ice-cold water (3 x 10 ml) 
dried and recrystallised from hot EtOAc to give 0.55 g (71,4%) 
of the oxime 10 , mp. 163-64°C. 


Mass: m/e: 203 186 (m”^ - OH), 159 (m"^ -.Hc=N-OH), 

146 ( 119 < 


Anal. Calcd for C^QHgN302 (Mol. Wt. 203) . 

C, 59.11; H, 4.43 
Found C, 59.13; H, 4.05 

ir : V (KBr) cm”^: 1680 (amide carbonyl), 1615, 1515 
max 

(C=C, C=N) . 


nmr: 6 (DMSO-dg) 200 MHz: 4.75 (d,d, 2H, N-q82) r 6.88, 7.5 
(t, t, IH, CH=N-0H), 7.5 (m, IH, 6’-quinazoline 
z'ing) / 7,65 (d, IH, 8' -quinazoline ring), 7,8 (t, 

IH, 7 '-quinazoline ring), 8.15 (d, IH, 5'-quina- 
zoline ring), 8.35 (d, IH, 2 '-quinazoline ring), 

II. 0, 11.35 (s,s, 1 H,=N_oh) , 
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XIII. 


Attempted Schiff base formation of aldeh yde 9: Isolation 
of aminal 11 


Under stirring and set-up for the removal of the water 
formed in the reaction, dry ammonia was passed through a 
refluxing suspension of the aldehyde 7 (0.463 g, 2.46 m mole) 
in dry benzene (lOO ml) for 1.5 hr, cooled, filtered, washed 
with drybenzene and dried to give 0.41 g (82%) of mp. 177°C. 


Mass: m/e: 188 (M"*" - NH_) , 159 (M'*' -'CH(OH) NH,,) , 


146 ( 



w )T 119 ( 






) . 


Anal. Calcd. for ^io^ll^3'^2 205) . 


Found 


C, 58.54; H, 5.37% 
C, 58,06; H, 5.37% 


ir 


2^j^^(KBr) cm"^: 3450 (OH), 3280, 3240 (NH 2 ) , 


1675 (amide carbonyl), 1610, 1565 (C=C, C=N) , 

nmr: 6(DMS0-dg) 200 MHz: 3.85 (m, 3H, CH 2 -CH-) , 7.45 (d, 
IH, 6'-quinazoline ring), 7.5 (d, IH, 8'-quinazo- 
line ring), 7.7 (m, IH, 7'-quinazoline ring), 8.05 
(d, IH, 5' -quin azoline ring), 8.1 (s, IH, 2*-quina- 
soline ring) . 


XIV. Reaction of acetal 8 with Formamide: Formation of the 


bis-formimino compoxond ^ 


A solution of the ketal 8 (1.048 g, 4 m mol) in formamide 
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(0.603 g, 0.54 ml, 13.7 m mol) was reflioxed for 24 hr, the 
dark brown supernatant liquid removed by suction from the 
crystalline mass, washed with dry benzene, dry CH 2 CI 2 and 
crystallised from methanol to give 0.22 g (36.6%) of 12, iip.254°C, 


mp, 

Mass: m/e: 260(M+)g 215 (M+ - H 2 N-CHO) , 160(m‘*'-.CH(CONK2) 3 ) 


146 ( 





)^, 119 ( )^. 


NH 


Anal. Calcd. C^2^12^4°3 • 

C, 55.38; H, 4.64% 

Found C, 55.65; H, 4.48% 

j^gjj(KBr) cm 3310 (N-H) , 1670 (br, formyl and 
ring amides), 1610, 1540 (C=C, C=N) . 


ir 


V 


XV. Attempted Schiff base formation of aldehyde 9 vjith .Aniline: 

Isolation of dimer 33 

Under stirring and set-up for the removal of water formed 
in the reaction, a suspension of the aldehyde 9 (1.354 g, 7.2 m 
mol) was admixed with aniline(0,813 g, 8.7 m mol), the mixture 
refluxed for 4.0 hr, cooled, filtered, washed with dry benzene 
till the filtrate was colourless, dried in vacuo to give 0.475 g 
(15,2%) of 13, rap. 235°C. The filtrates did not yield any pure 


compound. 
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Mass: m/e: 433 
Anal. Calcd. 


Foxind 


(m"*"), 287 (M^ 



for C2gH^gN^02 (Mol. Wt. 433) . 
C/ 72.05; 4.39; N, 16.17% 

C, 72.41; H, 4.36; N, 16.2 % 


^310 (N-H) , 1690 (amide carbonyl), 

1630, 1600, 1566 (C=C, C=N) . ^ 

^r 


nmr: 


5 (DMSO-dg) 500 MHz; 6,25, 6.3 (d,d, IH, CH=CH-Q) , 
8.48, 8.66 (s,s,lH, NH-CH=CH) , 6.75-8.25 (m, 15H, 


aromatic) , 8, §6/ (m, IH, CH=C-CH=CH- ) 

'-V i ~ 


\ 


\ 




/ 


XVI, Reaction of 2 with Allyl bromide: Preparation of 6-Nitro- 

3-allyl-3, 4-dihydro-4-oxoquinazoline (14) 

■ To a stirred solution of 6-nitro-3, 4-dihydro-4-oxo- 
quinazoline 2 (4.75 g, 24,9 m mol) in dry methanol (lOO ml) was 
added KOH pellets (1.48 g, 26 m mol) followed by allyl bromide 
(3,1 g, 26 m mol). The reaction mixture was refluxed for 3 hr 
during which a clear solution was obtained and the product 
formation complete (tic) . Solvents were evaporated in vacuo , 
the residue extracted with dry benzene, transferred to a column 
of silicagel. Elution with Ph:EtOAc: ; 1; 1 gave 4.011 g, (69.8%) 
of 14, mp. 148-150°C. 
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tic: EtOAc. Rf, 0.6. 

Anal. Calcd for 231). 

c, 57,14; H, 3.89% 

Found 57.17; H, 4.12?^^ 

(amide carbonyl)^ 1615^ 1600, 

1570 (C=C, C=N), 1520, 1360 (NO^) . 

nmr: 6 (CDCl^) 200 MHz: 4.54 (d, 2H, N-CH 2 ) , 5,2 (m, 2H, 

CH=CH 2 ), CH=:CU^), 7.66 (d, IH, 8'-qui- 

nazoline ring) 8.08 (s, IH, 2'-quinazoline ring), 

8,35 (dd , IH, 7' -quinazoline ring), 8.85 (d, IH, 

5' -quin azoline ring). 

XVII. Reaction of J.4 with 2, 2-Diethoxy-l-bromoethane: Preparation 
of 6-Nitro-3- ( 2 ' -Diethoxyethyl) -3 , 4-dihydro-4-oxoqaina- 
zoline ( 15 ) 

6-Nitro-3, 4-dihydro-4-oxoquinazoline (5.0 g, 26 m mol) 
was introduced into a solution of sodium methoxide-prepared fjrom 
sodium (0.625 g, 27 m mol) and methanol (75 ml) - and the solvents 
evaporated in vacuo from the resulting clear yellow solution. 

The residue was powdered, admixed with HMPA (30 ml), left stirred 
at 40-50°C for 1 hr and to the resulting clear solution was added 
2 ’, 2 '-diethoxy- 1 -bromo ethane (bromo acetaldehyde diethyl acetal) 
(5.69 g, 28.8 m mol) and the mixture left stirred at 90-100°C 
for 24 hr. The viscous brown solution was poured over crushed 
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ice («s> 1 kg), filtered and dried to give 5,83 g (69.7%) of 
6-Nitro-3- ( 2 -diethoxyethyl) -3, 4“dihydro~4-oxoguin azoline ( 15 ) , 
as shiny plates, mp. 122-3°C. 

tic: EtOAc: Rf, 0.9 

Anal. Calcd for (Mol. Wt. 262). 

C, 54.7; H, 5,53; N, 13.6&/o 
Found C, 55.1; H, 5.26; N, 14,0 % 

mm'] 

^ ‘ 1690 (amide carbonyl), 1615, 1600, 

1570 (C=C, C=N), 1525, 1350 (NO^) . 

nmr: 6 (CDClg) 200 MHz: 1.2 (t, 6 H, -O-CH 2 -CH 3 ) , 3.6, 3.85 
(m, m, 4H, -O-CH 2 -CH 3 ) , 4.15 (d, 2H, N-CH 2 ~) / 4.8 
(t, IH, N-CH 2 “CH-) , 7,9 (d, IH, 8 * -quinazoline 
ring), 8,3 (s, IH, 2'-quinazoline ring), 8,6 (dd, 

IH, 7' -quinazoline ring), 9,2 (d, IH, 5 '-quin azoline 
ring) . 

XVIII. Hydrolysis of ketal 1^: Isolation of Nitroaldehyde 

A stirred suspension of the nitroacetal (0.8 g, 3 m mol) 
in ice-cold cone. ^ 280 ^ (3 ml) was gradually heated to 80-90°C. 
The resulting clear solution was cooled, poured over crushed ice 
( CO 150 g) , filtered, washed with chilled water (3 x 100 ml) and 
air dried. The combined filtrates were admixed with aqueous 
ammonia to pH 6-7, filtered, washed with distilled water 
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(3 X 100 ml) to give a second lot of the aldehyde. Crystalli- 
sation from ethyl acetate gave 0.46 g (75.8%) of 16, mp. 180-3®C. 

tic: EtOAc: Ref. 0.7 

Mass: m/e: 233 (M"^) , 205 (M‘*'-C0) . 

Anal. Cal cd for (Mol. Wt. 233) 

C, 51.5; H, 3.0; N, 18.0Z4 
Found C, 51.8; H, 3.07;N, 18.46% 

1730 (aldehyde), 1690 (amide carbonyl) 
1615, 1605 (C=C, C=N), 1525, 1345 ( KO 2 ) . 

nmr: 6(0001^) 200 MHz: 5.0 (s, 2H, -CH^-CHO) , 7.95 (d, IH, 
8'-quinazoline ring), 8.08 (s, IH, 2 '-quinazoline 
ring), 8.65 (d;d, IH, 7 ' -quinazoline ring), 9.2 (d, 

IH, 5' -quinazoline ring), 9'.85 (s, IH, -CHO) . 

XIX, Attempted S chif f base formation of aldehyde 1_6: Isolation 

of Nitro aminal 16 a ; 

Under stirring and set-x^ for removal of water formed 
during the reaction, ammonia was passed through a refluxing 
solution of the nitro aldehyde (0.462 g, 2 m mol) for 3 hr. 

The pale yellow solid that separated was filtered, washed with 
dry benzene, and dried in vacuo to give 0.4g (80.7%) of the 
aminal Ida, mp. 220^C (dec). 
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Anal. Calcd for (Mol. Wt, 250) 

C, 48.0; 4.0 ; N, 22.4% 

Found C, 48.6; 3.78 ; N, 22.7% 

ir : C3n“^; 3500 (br, OH), 3290 (NH ), 1680 

(amide carbonyl), 1610, 1570 (C=C, C=N) , 1340, 

1520 (-NO 2 ) . 

XX* Alkylation of 2 with 2-Bromoethanol: Preparation of 
3- ( 2 ‘ -Hydroxyethyl) -3, 4- dihydro- 4-oxoqui azoline ( 17 ) 

Under stirring 3, 4-Dihydro-4-oxoqaiazoline 2, (2.92 g, 

20 m mol) was added to a solution of sodi\am methoxide-p repared 
from sodixam (0*5 g, 21 m mol) and methanol (50 ml) - followed 
by bromoethanol (2.75 g, 21 m mol) and the mixture refluxed for 
24 hr. Solvents were evaporated in vacuo , the residue was 
admixed with water (150 ml), saturated with NaCl, extracted with ; 
ethyl acetate (3 x 100 ml) , washed v/ith 5% NaOH solution (2x50 ml 
saturated brine (50 ml), dried (MgSO^) and evaporated to give 
2.35 g (62%) of 1/7, mp. 157°C (litt*^ 155°C) . 

Ir • V (KBr) cm“^: 3250 (OH ), 1670 (amide carbonyl), 
max 

1610, 1560 (C=C, C=N) . 

nmr: 6(DMS0-dg) 500 MHz: 3.7 (2H, -N-CH^) / 4.05 (2H, 
-CH 2 -OH), 4. 5-8.3 (5H, -aromatic). 
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Sodium borohydride reduction of the aldehyde 7: Correlation 
of structure with alcohol r? 

Under ice-cooling and stirring NaBH^ (0.315 g, 8.5 m mol) 
was added to a suspension of the aldehyde 7 (0.078 g, 4 m mol) 
in dry methanol ( 20 ml) . The resulting clear solution was 
admixed with acetic acid (0.25 ml), solvents evaporated and the 
residue chromatographed on silica gel. Elution with EtOAc gave 
0.675 g (85.6%) of 17 , mp. 157°C whose properties were identical 
to that obtained from e3<perlment XX. 

XXII. PCC oxidation Of alcohol 1/7: Correlation of structure 
with aldehyde 7 

A solution of 12, (0,1 g, 0.53 m mol) in CH 2 CI 2 (50 ml) 
was added during 0.5 hr to an ice cold and stirred solution of 
pyridinitim ch loro chromate (0.16 g, 0,75 m mol) in dry methylene 
chloride ( 20 ml) . The reaction mixture was left stirred at 0°C 
for 1 hr and then at rt for 3 hr. Tic in ethyl acetate showed 
coirplete conversion of alcohol 17 to the aldehyde 7. 

XXIII, Attempted cyclisation of the alcohol 12 with Potassium 
t-butoxide in t-butanol 


Under nitrogen and stirring, the alcohol 12 (l.O g, 

5.2 m mol) was added to KOtBu in tBuOH - prepared from potassium 
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(0.41 g, 1.05 m mol) and t-BuOH (30 ml) - and the solution 
refluxed for 3 hr, solvents evaporated, the residue admixed 
with water, adjusted to pH 7 with cone. HCl, extracted with 
EtOAc, dried (MgSO^) and evaporated to give 0.875 g of 
unchanged 17, 


XXIV, Reaction of alcohol _l/7 with AC^O: Preparation of acetate 18 

A solution of (l.O g, 5.26 m mol) in pyridine: acetic 
anhydride ( 1 : 1 , 2 ml) was warmed in a water bath for 0.5 hr, 
solvents evaporated in vacuo , the residue admixed with benzene 
and evaporated to remove traces of pyridine and AC 2 O and the 
residue on crystallisation gave 1.15 g (98%) of mp. 79°C, 


Anal. Calcd for <^i2^12^2°3 232) . 

C, 62,06; H, 5.17% 

Found C, 62.06; H, 5.64% 

nmr: 6 ( 00013 ) 60 MHz: 2.1 (s, 3H, OO-OH 3 ) , 4.4 (m, 4H, 
OH 2 -OH 2 -O) , 7. 5-7.9 (m, 3H, 6 ' , 7 ‘ , 8 ‘ -quinazoline 
ring), 8.1 (s, IH, 2 '-quinazoline ring), 8.4 (d, 

IH, 5' -quinazoline ring). 

XXV, Reaction of 3, 4-Dihydro-4-oxoquinazoline with Nitroethylene: 
Preparation of 3-(2'-Nitroethyl)-3,4-dihydro-4-oxoquina- 
zoline 19 

To a stirred and ice-cold solution of 3 , 4-Dihydro-4- 
oxoquin azoline 2 (l.Og, 6.8 m mol) in dry ethylacetate (150 ml). 
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was added, over 0.75 hr, a 10% solution of nitroethylene in 
benzene (lO ml, 13.6 m mol) and the mixture left stirred at rt 
for 36 hr. Solvents were evaporated in vacuo and the residue 
chromatographed on silica gel. Elution iiith benzene: ethyl acetate 
: :9:1 gave nearly pure 3^ which was crystallised from benzene: 
petroleum ether: :2:1; yield 1.32 g {8&/o) mp. 118-9°C. 


Mass:m/e: 219 (M+) , 173 (M+-N0 ) , 159 (M+-CH^-170^) , 
145 (M^-CH^-CH^-NO^) , 119 ( , 


a™ 


, NH 

Anal. Calcd for (Mol. Wt. 219). 

C, 54.79; H, 4.11; N, 19.16% 

Found C, 54.8 ; H, 4.32; N, 19.42% 

it : (amide carbonyl), 1615 (C=C) , 

1550, 1355 (NO^) . 


nmr: 5 (CDCl^) 500 MHz: 4.54 (t, 2H, N-CH^) , 4.88 (t, 2H, 

CHg-NOg) , 7.53, 7.78 (t,t, IH, IH, 6' , 7 ' -quinazoline 
ring), 7.72 (d, IH, 8 '-quinazoline ring), 8.1 (s, 

IH, 2' -quinazoline ring), 8.28 (d, IH, 5 '-quinazoline 
ring) . 


^XVI. Attempted "Nef" reaction of the nitroethyl oxoguinazoline 19 : 
a) Preparation of the nitron ate salt 20 

Under ice-salt cooling and stirring, a solution of the 
nitroethyl quinazoline (0.438 g, 2 m mol) in methanol (2 ml) was 
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admixed with sodium methoxide - prepared from sodium (0*092 g/ 

4 m mol) and methanol (10 ml) — the mixture left stirred for 
0.5 hr# dry ether introduced# filtered# washed with dry ether 
and dried in yacuo and the dry nitronate salt 20 was used as 
such in the subsequent reaction. 

(salt)# ( 153 O-NO 2 absent). 

b) Reaction of nitronate 20 with acid: Isolation of 19 

The above salt was added in small portions to ice cold 
conc. H^SO^ (5 ml)# the solution gradually warmed to 50°C# cooled# 
poured over crushed ice (<^50 g) # neutralised with NH^OH# extra- 
cted with ethyl acetate# and solvents evaporated to yield 0.39 g 
(90%) unchanged 3-(2'-Nitroethyl) -3,4-dihydro-4-oxoquinazoline 19 . 

XXVII. Reduction of 3 (2' -Nitroethyl) -3# 4-dihydro-4-oxoquina201ine 

19 with Sn and HCl: Preparation of amine dibydrochloride 2 1 

To conc. HCl (5 ml) maintained at 50-60°C was added the 
nitroethyl oxoquinazoline (0.5 g# 2.3 m mol), in portions followed 
by firely shredded tin metal (0,5 g, 4.2 m mol) and heating 
continued for 0.5 hr# The resulting clear yellow solution was 
evaporated to dryness# the residue dissolved in water ( 10 ml) # 
the Sn precipitated as SnS by passage of for 0,25 hr# filtered# 

evaporated, triturated with ethyl acetate# the residue dried in 
vacuo# dissolved in minimum amount of absolute methanol# 
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precipitated with dry ether/ filtered, re-dissolved in methanol, 

re-precipitated with dry ether and filtered to give 0.310 g 

(60.2%) of the amine dihydrochloride 21/ rrp. 259-60°C (dec) 

39 n 

(lit. 260^C (dec)). 

ir : cm"^: 3400-3200 br (NH salt), 1710 (amide 

carbonyl) . 

XXVIII. Reaction of base 21^ with benzoyl chloride: Preparation 
of the benz amide 22 

A solution of the dihydrochloride of 3 -(2 ’-amino ethyl) - 
3 / 4-dihydro-4-oxoquinazoline 21 (O.Sg, 1.15 mmol) in water (5 ml) 
was admixed with benzoylchloride (0.4 ml, 3.45 m mol) and 2N NaOK 
(4 ml/ 8.0 m mol) . The mixture was shahen for 0.25 hr, filtered, 
washed with water, dried and recrystallised from ethyl acetate : 
hexane:: 1:2 to give 0.237 g (70%) of the 3-( 2 ’-N-Benzoylamino) - 
3 , 4-dihydro-4-oxoquin azoline 22/ rap, 176-77°C., 

Anal. Calcd for 293) 

C, 69.62; H, 5.12; N, 14.33% 

Found C, 69.81; H, 5.04; h, 14.64% 

• V (KBr) cm“^: 3300 (NH) , 1670 (amide carbonyl), 

■ max 

1625, 1530 (secondary amide). 


ir 
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nmr: 6(CDCl2)200 MHz: 3.74 (q, 2H, CH^-NH) ^ 4,22 (t/ 2H, 
N-CH2) # 7.25~7.8 (m, 9H/ aromat.ic,NH), 7.9 (s^ 
2'-quinazoline ring), 8.1 (d, IH, 5‘-quinazoline 
ring) . 


XXIX, Reaction of 3,4-dihydro-4-oxoquinazoline 2 with Acrolein: 
Isolation of the tricyclic oxazino quinazolone 2^ and 
3- ( 3' -oxo-n-propyl) -3,4-dihydro-4-oxoquinazoline 24 


Under stirring and protection from moisture, at rt. a 
suspension of 3, 4-dihydro-4-oxoquinazoline 2, (1,0 g, 6.9 m mol) 

in dry methanol (20 ml) was admixed with acrolein (2 ml, 30 m 
mol) followed by triethylamine (2.5 ml, 18 m mol). The mixture 
was left stirred overnight, solvents evaporated, the viscous 
residue chromatographed on silica gel. Elution with benzene: 
ethylacetate: :3:7 gave 1.362 g (98.4%) of mixture of the 
t i;-icy cl ic system 23 and its aldehyde counterpart 24 , mp. 79—81 C. 


Mass :m/e : . 20 2 (M^), 174 (M -CO), 146 ( 






NH 


119 ( 




-HH 


Anal. Calcd for * 

C, 65.35; H, 4.95; N, 13.86% 

Found C, 66.42; H, 5.10; N, 13.72% 

-ir- • V (KBr) cm“^: 3120 (N-H) , 1670 (amide carbonyl), 
■ max 

1620, 1560 (C=C, C=N) . 
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nmr: 6(CDCl2)60 MHz: 3.1 (q, CH 2 -CH=CH- 0 ) , 3.3 id, 

^10% CH 2 -CH=CH- 0 ) , 4.1 (q, 'v 70% CH 2 -CH=CH -0 ^ 

2 '-quin azoline ring), 4.6 (br, 70% NH) , 9.7 (s, 

^30% -CHO) , 7. 5-8. 2 (m, 5H, aromatic). 

XXX. Reaction of 2 with acrylonitrile: Preparation of 3-(2'- 
cyanoethyl) -3, 4-dihydro-4-oxoquinazoline _26 

Under stirring and protection from moisture, a solution 
of 2 (5.0g, 34,2 m mol) in dry methanol (lOO ml) was admixed 
with triethyl amine (5 ml, 36 m mol) followed by acrylonitrile 
(5 ml, 76 m mol), left stired at rt for 12 hr, filtered, washed 
with chilled dry methanol (3x25 ml), dried to vacuo and crys- 
tallised from benzene:hexane: : 2: 1 to give 6.264g (91.9%) of 2^, 
mp. 144-5°C dit."^^ mp. 136-8°C) . 

Anal. Calcd for (Mol. Wt. 199) . 

C, 66.3: H, 4.52; N, 21.1% 

Found C, 66.3; H, 4.85; N, 21.61% 

ir: V (KBr) cm"^: 2250 (C=N), 1670 (amide carbonyl), 
max 

1610 (C=C) . 

nmr: 6 (CDCl 3 ) 60 MHz: 2.85 (t, 2H, -CH 2 -CN) , 4.2 (t, 2H, 

-CH -CH.-CN), 7.5 (m, 3H, 6',7',8*-quinazoline ring), 

2 

8.1 (s, IH, 2 '-qntoazoline ring), 8.25 (m, IH, 5'- 
qiainazoline ring). 
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XXXI. Reaction of 2 with l/2~Dibromo ethane: Preparation of 

3- ( 2 * -Bromoethyl) -3^ 4-(3.ihydro-4-oxoquinazoline 21. 

Under stirring and protection from moisture^ 3/4-dihydro- 
4-oxoquinazoline 2 (5 g, 34.2 m mol) was added to a solntion of 
sodium methoxide - prepared from sodi\rn (0.8 g, 34.7 m mol) and 
dry methanol (50 ml) - left stirred at rt for 1 hr, solvents 
evaporated, the residue suspended in dry Hf4PA (25 ml), admixed 
with 1, 2 ~Dibromo ethane (7.63 g, 40.6 m mol), left stirred at rt 
for 12 hr, and then at 60°C for another 12 hr. The reaction 
mixture cooled, poured over ice-water (1 lit), filtered, washed 
with ice-water (4 x 50 ml), dried, and crystallised from benzene: 
hexane ;:1:1 to give 4,66 g (54%) of 27 , mp, 116°C (litl^ mp. 114*^0 . 

Tic: ethyl acetate: Rf. 0.65, 

ir : V (KBr) cm”^: 1670 (amide carbonyl), 1620, 1610, 
max 

1560 (C=C, C=N) . 

nmr: 6(CDCl2)60 MHz: 3,7 (t, 2H, N-CH 2 ) , 4,35 (t, 2H, 

-CH 2 -Br), 7. 2-7.8 (m, 3H, 6' , 7 ' , 8 ' -quinazoline ring), 
8.05 (s, IH, 2 '-quinazoline ring), 8.2 (m, IH, 5'- 
quinazoline ring) . 
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XXXII. Reaction of 3-(2'“bromoethyl)-3,4-dehydro-4-oxoquina- 

zoline TJ. with aniline: Preparation of 3- ( 2 ' -anilino- 
ethyl) ~3^ 4-dihydro-4-oxoquin azoline (28 ) 

Under stirring, a solution of 22 (0.253 g, 1 m mol) in 
absolute ethanol (25 ml) was admixed with a solution of aniline 
(0,186 g, 2 m mol), refluxed for 8 hr, solvents evaporated in 
vacuo , the residue admixed v/ith water (15 ml), extracted with 
benzene (3 x 25 ml), dried (MgSO^) , evaporated, and the residue 
chromatographed on silicagel. Elution vjith benzene: ethyl 
acetate: :7:3 gave 0.25 g (94,3%) of 28, mp, 143-5°C 

Tic: benzene: ethyl acetate: : 1 : 1 : P-f . 0.45 

And. Calcd for (Mol. Wt. 265) . 

C, 72.45; H, 5.66% 

Found C, 72.85; H, 5.61% 

ir * V (KBr) cm“^: 3260 (NH) , 1675 (amide carbonyl), 
max 

1600, 1560 (C=C, C=N) . 

nmr: 6(CDCl3)60 MHz: 3.5 (m, 2H, -CH^-NH-Ph) , 4,2 (m, 3H, 
N-CH -CH -NH) , 6.4-6.78 (m, 8 h, 6' , 7 ' , 8 ' -quinczoline 
ring,phenyl), 7.85 (s, IH, 2‘ -quinazoline ring), 

8.25 (m, IH, 5 '-quinazoline ring) . 
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XXXIII. Reaction of 2 with hydrazine hydrate: Preparation of 
3-Amino--3 , 4-dihydro~4-oxoquinazoline'^^ ( 29) 

A mix>_ure of 3, 4-Dihydro-4-oxoquinazoline 2 (5 g, 34.2 m 
mol) and hydrazinehydrate (10 ml^ excess) was refluxed for 
0.25 hr, cooled, filtered, washed v/ith chilled ethanol (3x10 ml) 
dried in vacuo and crystallised from hot ethanol to give 3.975 g 
(72.1%) of 29, mp. 208°C (lit!^mp. 204-8^0, 

XXXIV. Formylation of 29: Preparation of 3-Formamido-3,4- 
dihydrO'4--oxoquin azoline (30) 

48 

a) Preparation of acetic formic anhydride 

Under stirring freshly distilled acetic anhydride (1.2 ml, 
2 eg) at ice- salt temp, was added, in drops to formic acid 
(98-100%) (0.6 ml, 1 eg), held at 50°C. The reaction mixture 

was left stirred for 0.25 hr and cooled to 0°C, prior to use 
in the following e 3 <periment. 

b) Formylation of 29 

Under protection from moisture, a mixture of 3-amino-3, 
4 -d ? hydro- 4 -oxoguinazoline 29 ^ (1 g, 6.2 m mol), pyridine (1.2 g, 
15 m mol) and acetic formic anhydride (1.25 g, 15 m mol) was 

stirred for 6 hr, poured over crushed ice, left aside for 
0.25 hr filtered, washed with ethyl acetate, dried (MgSO^) , 
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evaporated/ and crystallised from benzene: hexane: : 1 : 1 to give 
0.96g (81.7%) of 3-formyl amino-3 / 4-dihydro-4-oxoquinazoline 
30 , mp. 152-3°C. 

it : coT^i 3420/ 3181 (NH) , 1710 (shoulder) 

(formyl)/ 1675 (ring amide), 1610, 1560 (0=0, C=N) . 

XXXV. Benzoylation of 3-Amino-3/4-dihvdro-4-oxocruinazoline (29): 

Preparation of 3-Benzamido-3, 4-dihvdro-4-oxocfuin azoline (33) 

Under stirring, benzoyl chloride (6,3 g, 45 m mol) in dry 
benzene (50 ml) was added in 1 hr, to a suspension of 29 (4.84 g, 
30 m mol) and pyridine (3.6 g, 45 m mol) in dry benzene (100 ml), 
left stirred at rt for 16 hr, admixed with distilled water ( 100 ml), 
left stirred for 2 hr, the aqueous layer extracted with ethyl 
acetate, the combined organic extracts washed with 2N NaOH 
(3 X 75 ml), the aqueous layer made acidic (pH 3) with cone. HCl, 
filtered washed with water crystallised from hot ethyl acetate 
to give 7.1 g (89%) of 31, mp. 190-1 C (lit, mp. 194 C) . 

' V (KBr) on”^: 3260 (N-H), 1660 (amide carbonyl) 

" max 

1610/ 1510 (C=C/ C=N). 


ir 


4 
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XXXVI. Reaction of 6-Nitro-3, 4~dihydro-4-oxoquinazoline ^ with 

80% Hydrazinehydrate: Isolation of 3-Amino-6-nitro-3,4- 

dihydro-4-oxoquinazoline (^2) and 3-Amino-6-Nitro-3, 4- 

dihydro-4-hydrazido quin azoline C33 ) 

A mixture of 3 (5,0 g, 28.6 m mol) and 80% hydrazine- 
hydrate (10,5 ml, excess) was refluxed till evolution of ammonia 
ceased ( 0.25 hr), cooled, filtered, washed v;ith chilled dry 

ethanol, dried in vacuo and the residue chromatographed on 
silicagel. Elution with ethyl acetate gave 1.562 g (29%) of 32 , 
mp. 220-22'^C as an yellow powder. 

Further elution with ethyl acetate gave 0.33 5 g (5.8%) 
of 33 , mp. 270*^C (dec) . 

32 : "lie: ethyl acet ate :Rf. 0.75 

Mass:m/e: 191 (M*^— NH) , 165 ( 02 Ns^^_^''n^ ) , 119 

Anal. Calcd for CgHgN^O^ (monohydrate) (Mol. Wt. 224), 

C, 42.85; H, 3.57% 

Found G, 43.8 ; H, 4.33% 

ir • V (KBr) cm“^: 3500, 3380 (NH,),1660 (am.ide 
max 

carbonyl) , 1635, 1610, 1590 (C=C, C=N) , 1300, 

1490 (NO 2 ) . 
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nmr: 6(DMS0-dg) 100 MHz: 4.6 (br, 2H, NH 2 ^ / 

8 —quinazoline ring) j, 7.6 (s/ IH, 2'--guinazoline 
ring) j, 8,0 (dd^ IH, 7 '-quinazoline ring) ^ 8,4 (d^ 
IH, 5 '-quinazoline ring). 

33 : tic: ethyl acetate: Rf. 0.65. 

3460, 3420, 3340, 3300 (NH 2 ).* 1670 
(C=N-N), 1350, 1530 (NO^) . 

nmr: 6(DMS0-dg) 100 MHz: 5.7 (s, 2H, =N-NH 2 ) , 5.9 (s, 2H, 
-N-NH 2 ) , 7.2 (d, IH, 8 '-quinazoline ring), 7.4 (s, 
IH, 2 '-quinazoline ring), 7.6 (d, IH, 7'-quina- 
zoline ring), 8.1 (s, IH, 5' -quinazoline ring). 

XXXVII. Reaction of H ypoxanthine( 34) with POCl^ : Preparation of 

, T-..-, -- , , - 1 - - 

6-Chloropurine ( 3 5 ) 

A stirred mixture of hypoxanthine (lO g, 71.3 m mol), 
POClg (60 ml), N,N-Diraethyl aniline (30. ml) and toluene (100 ml), 
was refluxed for 2 hr, cooled, poured over crushed ice (400 g) , 
adjusted to pH 10-11 with ION NaOH, the blue toluene layer 
discarded, shaken with toluene (15 ml), the organic layer dis- 
carded, the aqueous layer kept overnight in the fridge, the 
sodium phosphate separated filtered, the filtrate cooled in ice, 
adjusted to pH 2, with cone. HCl, extracted with ether (8 x 250 
ml), then with ethyl acetate (3 x 250 ml), the organic extracts 
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dried (MgSO^) and evaporated to give 6.7g (58.9%) of 6-chloxo- 

c; Q 

purine 35/ mp.>360 C (lit". mp.>360°C) . 

XXXVIII. Benzyl ation of 6-chloropurine (35) with Benzyl chloride 
in DMSO and K^CO^: Preparation of 7-Benzyl- 6-chloro- 
purine 36 and 9-Benzyl- 6-chloropurine (37) 

Under stirring and protection from moisture, freshly 
distilled benzyl chloride (l0.2g, 80.6 m mol) follovjed by freshly 
ignited K^CO^ (6g, 43.4 m mol) was added to a solution of ^ 
(6.0g, 38.8 m mol) in dry DMSO (lOO ml), left stirred at rt for 
24 hr during which the alkylation was complete. The mixture was 
filtered, washed v/ith DMSO ( 10 ml) admixed with water (l50 ml), 
the precipitated viscous oil separated, the aqueous layer extra- 
cted with ether (3x25 ml), dried (MgSO^) , evaporated, the two lots 
combined, triturated with dry ether, and filtered to give 1.98g 
(21%) of 7-Eenzyl-6-chloropurine 37 as a white crystalline solid, 
mp. 152°C (lit!^mp. 152-3°C) . 

The ether filtrate was evaporated, the residue extracted 

with hot petroleum ether (500 ml), evaporated and the residue 

on crystallisation from petroleum ether gave 4.27g (45/o) of 

54 o 

9-Benzyl-6-chloropurine _36, mp. 89 C (lit. mp. 87-9 C) . 

ei c:benzenesdioxan4: acetic acid: : 80:40:1; Rf. 0.75 

Ir • V (KBr) cm“^: 3100, 3050 (aromatic CH) , 1600, 1560, 
max 

1540 (C=C, C=N). 
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nmre 6(00013) 60 MHz: 5.45 (s, 2H, , 7.3 (s. 5H, 

phenyl), 8.1 (s, IH, imidazole ring), ^,7 (s, IH, 
pyrimidine ring) . 

? 7 * 11 o • benzane : dioxane : acetic acid: : 80:40 : l: Rf. 0,65. 

ir : cm 3100, 3075 (aromatic CH) , 1600, 

1540, 1525 (C=C, C=N) . 

nmr: 5(00013)60 MHz: 5.7 (s, 2H, CH^-j?) , 7.3 (m, 5H, 

phenyl), 8.3 (s, IH, imidazole ring), 8.8 (s, IH, 
pyrimidine ring) . 

XXXIX. Alkylation of 9-Benzvl--6~Chloropurine (36): Preparation of 

6-Allyloxy-9-benzyl-purine ( 38 ) 

Under stirring and protection from moisture, 9-Benzyl-6- 
chloropurine (1.5 g, 61 m mol) was added to a solution of sodium 
allyloxide in allyl alcohol - prepared from sodium (0.14 g, 

61 m mol) and dry allyl alcohol (20 ml) - refluxed for 1.5 hr, 
filtered, solvents evaporated to vacuo , the residue triturated 
with hot benzene (50 ml), cooled, decanted and evaporated to 
give 1.15 g (70.4%) of 6-allyloxy-9-benzylpurtoe as colourless 
crystals mp. 65°C. 

Anal. Calcd for (Mol, Wt. 266) 

C, 67,67; H, 5.26% 

Found C, 67.87; H, 5.43% 
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‘ ^ 3080, 3020 (aromatic, olefinic C-H) , 

1600, 1580 {C=C, C=N), 1050 (C-O) . 

nmr: 6 (CDCl^) 60 MHz; 5.1 (m, 2H,-0-CH2) / 5.38 (m, 4H, 

-CB.2-0, CH=CH 2 ), 1H,-CH=CH2), 7.28 (s, 5H, 

phenyl), 7.8 (s, IH, imidazole ring), 8.5 (s, IH, 
pyrimidine ring) . 

XL. Claisen Rearrangement of the allyl ether Isolation of 
1- Allyl-9-benzyl- 6-oxopurine (40) 

l-Allyloxy~9-benzyl purine ^ (l.Og, 3,76 m mol) was 

o 

sealed ruider nitrogen, held at 180-90 C for 6 hr, extraction 
with CH 2 CI 2 / the organic extract passed through a col-um of 
silica, and then through a bed of activated charcoal, evaporated 
and crystallised from benzene :hexane: : 1: 1 to give (0.291 g, 29%) 
of l-allyl-9-benzyl- 6-oxopurine as a white crystalline solid, 
mp. 114-5*^C. 

Anal. Calcd for (Mol. Wt, 266) 

C, 67.67; H, 5.26% 

Found C, 67.84; H, 4.8ff% 

ir * V (KBr) cm“^: 3100, 3040 (aromatic and olefinic 
max 

C-H), 1685 (amide carbonyl) , 1580, 1545, 1515 
(C=C, C=N) . 
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nmr: 6 (CDCl 2 ) 60 MHz: 4.6 (dd^ 2Hy N-CH^) ^ 5.2 (m, 4H, 

-CH=CH 2 ) , -CHrrCH^) / 7.2 (s, 5H, 

phenyl)^ 7.6 (s, IH, imidazole ring) ^ 7.9 (s, IH, 
pyrimidine ring) , 

XL I. Alkylation of 7-Benzyl- 6 -chloropurine (37): Preparation of 
6-Allyloxy-7-benzvlpurine (39) 

Under stirring and protetion from moisture, 7-Benzyl-6- 
chloropurine ( 2.0 g, 8.2 m mol) was added to a solution of 
sodium allyl oxide in dry allyl alcohol - prepared from sodium 
(0.21 g, 9,1 m mol) and allyl alcohol (20 ml, excess), refluxed 
for 1.5 hr, filtered, solvents evaporated to vacuo , the residue 
extracted with hot benzene, evaporated and crystallised from 
benzene: ethyl acetate: : 1 : 1, to give 1.632 g (75%) of 6 -Allyloxy- 
7-benzylpurine 22.' 84°C. 

Anal. Calcd for (Mol. Vto. 266) 

C, 67.67; H, 5.26% 

Found C, 67.77; H, 5.43% 

tr • 2^ (KBr) cm~^: 3110, 3060 (aromatic and olefinic 
■ " max 

C-H) , 1620, 1590, 1550 (C=C, C=K) , 1070 (C-O) . 

nmr: 5 ( 00013 ) 60 MHz: 5.0 (dd, 2H, O-OH 2 ) , 5.3 (m, 2H, 

- 0 H= 0 H 2 ) , 5.5 (s, 2H, 0 H 2 -Ph) , 5.9 (m, IH, CH=GH 2 ) , 
7.1 (s, 5H, phenyl), 8.0 (s, IH, imidazole ring), 
8.5 (s, IH, purine ring). 
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Regioselectlve alkylation of 6-chloropurine ^ with 
Dihydropyran ; Preparation of 9-(2'-Tetrahydr opyranyI) - 
6- c hi o ropu r ine^ ^(41) 

Under stirring and protection from moisture a solution 
of 2,3-dihydropyran (l ml, 10.9 m mol) in ethyl acetate (30 ml) 
was added over 0,5 hr to a solution of 6— chloropurine 3 5 (l.O a, 
6.51 m mol) in dry ethyl acetate (30 ml) held at 50*^0 and 
admixed with PTSA (0.02 g, 0.105 m mol). The reaction mixture 
was left stired for additional 1 hr at rt, admixed with KH^OH 
(0.5 ml, sp. gr. 0.89) left stirred for 0.1 hr, washed with 
water, dried (MgSO^) , solvents evaporated vacuo , the residue 
crystallised from hexane to give 1.235 g (80%) of £1, mp. 69°C 
(lit^.^mp. 69-7 1°C) . 

ir : V (KBr) cm“^: 3110 (aromatic C-H) , 2940, 2880 
max 

(saturated C-H) , 1595, 1565 (C=C, C=N) . 

XLIII. Alkylation of Preparation of 9-( 2' -Tetrahydropyranyl) 

6-allyloxypurine ( 42 ) 

Under stirring and protection from moisture 9-( 2 '-Tetra- 
hydropyranyl) -6-chloropurine ^ (2 g, 8.3 m mol) was added to a 
solution of sodium allyloxide - prepared from sodium (0.212 g, 
9.2 m mol) and dry allyl alcohol (20 ml) - refluxed for 3 hr, 
solvents evaporated vacuo , the residue triturated v^ith hot 
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dry benzene, decanted, evaporated, the thick viscous residue 
distilled to give 1.8 g (-8^55%) of 9- ( 2' -Tetrahydropyranyl) -6- 
allyloxy purine £2, bp. 180-90°C/0. 15 rrm. 

Anal. Calcd for (Mol. wt. 260) 

C, 60.0; H, 6.15; N, 21.54% 

Found C, 59.6; H, 5.73; N, 22.34% 

^ (aromatic and olefinic C-H) , 

2940, 2850 (sat. C-H), 1590, 1570, 1555 (C=C, C=N) , 
1040, 1050 (C-0) . 

nmr: 6 (CDCl^) 60 MHz: 1.9 (m, 6H, THP) , 3.9 (m, 2H, 

-O-CH^-THP ring), 5.0 (dd, 2H,. O-CH2-CH-THP ring), 
5.1-6,3 5 (m, 4H, CfeCH^, 0-CH- THP ring), 7.9 (s, IH, 
imidazole ring), 8.5 (s, IH, pyrimidine ring). 

XLIV. Reaction of 9-Benzyl- 6-chloropurine (£6) with HCl: Preparation 
of 9-Benzyl hvpoxanthlne(43) 

IN-HCl (8 ml) was added to a suspension of 9-Benzyl-6- 
chloropurine( 36) , in water (25 ml), the mixture refluxed for 0,2 hr, 
cooled, filtered, washed with water (3x5 ml), crystallised 
from hot water, and dried at 90-l00°C to give 0.7 g (75.7%) of 
43, mp. 293°C (lit^’^mp. 295-7^0, 

ir : O' (KBr) cm""^: 1700 (amide carbonyl), 1590, 1550, 
max 

1520 (C=C, C=N) . 
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XLV, Alkylation of g-Benzyl hypoxanthine (43 )v 7 ith 2-Bromo-l,l- 
diethoxy ethane: Preparation of 1— ( 2 ' —diethoxy ethyl)— 9— 
benzyl- 6-oxopurine (44 ) 

9-Benzyl hypoxanthine « (l g, 4.42 m mol) was added to 
a solution of sodium methoxide in methanol - prepared from 
sodiiam (0,112 g, 4.87 m mol) and dry methanol (20 ml) - left 
stirred for 1 hr^ solvents removed from the resulting clear 
solution in vacuo / the residue suspended in HMPA (12 ml)/ held 
at 60°C/ and under stirring/ admixed with 2-Bromo-l/ 1-diethoxy 
ethane (0.955 g, 4.84 m mol) . The reaction mixture was left 
stirred for 24 hr, poured over water (400 ml)/ extracted v/ith 
ethyl acetate (3 x 150 ml)/ washed with brine (2 x 50 ml), dried 
(MgSO^) and evaporated to give 0.72 g (47.5%) l- ( 2 ' -Diethoxy- 
ethyl) -9-benzyl hypoxanthine (44) , rrp. 119-20'^C. 

fcl c : ethyl acetate : Rf . 0,6 

Anal. Calcd for C^gH 22 N 403 (Mol. VJt. 342) 

C/ 63.12; H, 6.43; N, 16.34% 

Pound C/ 63,46; H, 6,13; N, 16,3 % 

ir : V (KBr) cm”^: 1685 (amide carbonyl), 1570, 1540, 
max 

1505 (C=C/ C=N) , 
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nmr: 6 (CDCl 2 ) 200 MHz; 1.08 (t, 6 H, -O-CH^-CH^) 3.46, 

3.70 (m;^ 2 H, 2H, -O-CH^-CH^) , 4.1 (d, 2 H, 

' 4-^8 (t, IH, N-CH 2 -CH) , 5.23 (s, 2H, 

, 7.26 (m, 5H, phenyl), 7.7 (s, IH, 
imidazole ring), 7.98 (s, IH, pyrimidine). 

XLVI. Acid Hydrolysis of acetal (44) : Preparation of l-(2'-0xo- 
ethyl) -9-benzyl hypoxanthine ( 45) 

A suspension of the acetal (M) (0.44g, 1.27 m mol) in 

cone. H^SO^) ( 2.5 ml) was held at 80-90°C for 0.05 hr, cooled 
and poured over crushed ice (150 g) adjusted to pH 6-7 with 
liquor ammonia, filtered, the aqueous layer saturated vrith NaCl, 
extracted with ethyl acetate (3 x 75 ml), dried (MgSO^) and 
solvents evaporated to give a second lot of the aldehyde. The 
combined products on crystallisation from hot ethyl acetate gave 
0.211 g (61.9/4) of aldehyde 45 , mp, 130°C. 

Mass:m/es 269 (M + l) , 268 (M ) , 240 (M —CO) , 149 
(M'*-C0-CH2-^) , 91 (.CH2-CgH5)'^. 

Anal. Calcd for * 

C, 62.68; H, 4.47; N, 20.89% 

Found C, 62.37; H, 4.58; N, 20,72 /q 

ir • 0 ^ (KBr) cm”^: 1670 (br), (aldehyde and amide carbonyl), 
’ ^max^ 

1570, 1550, 1515 (C=C, C=N) . 
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XLVII. Attemp ted Schiff base formation of 45 v/ith ammonia: 

Isolation of aminal 4 ^ 

Under stirring and set-up for the removal of water formed 
in the reaction, dry NH^ was passed through a refluxing suspen- 
sion of the aldehyde 4^, (0.15 g, 0,564 m mol) in dry benzene for 
2 hr, cooled fixtered, washed with dry benzene to give 0,114 g 
(71.4%) of the aminal 46, mp. 170°C (dec). 

Anal. Calcd for (Mol. Wt. 285). 

C, 58.96; H, 5.26; N, 24.5% 

Found C, 59.12; H, 5,53; N, 24.3% 

ir : y^^^(KBr) cm“^: 3500-3300 (br),(OH) , 3300, 3100 (NH) , 

xuaJv 

1675 (amide carbonyl). 

XLVIII. Reaction of 3-Allyl-3, 4-dihydro-4-oxoquinazoline( 6) with 
acetyl chloride: Isolation of 0- Acetyl salt 47 

Under stirring and protection from moisture, a miixture of 
3-Allyl-3, 4-dihydro-4-oxoquinazoline 6 (l g, 6.85 m mol) and 
acethyl chloride (15 ml, excess) was left stirred for 2 hr, 
evaporated ^ vacuo , admixed with dry ether and evaporated in 
vacuo to give 1.398 g, 98.3% of the acetyl salt 47, mp. (sinters 


at 120*^C and melts at 145-50^C) . 



Anal. Calcd 264.5). 

C, 58.97; H, 4.91; N, lO.SK^o 
Found C, 58.91; H, 4.88; K, 10.75% 

(salt)/ 1715 (ester). 

XLIX. Reaction of the 0-Acetyl -salt ^ with msthyllithium: 

Isolation of 2- Isopropyl amino-N-allyl benzamide £8 

Under nitrogen^ ice-cooling and stirring ,< the 0-Acetyl-salt 
47 ( 1.28 g, 4.85 m mol)/ was added to a solution of methyl lithium 
( 0,22 g/ 10 m mol) in dry ether (20 ml) - prepared from lithixim 
(0.13 g) and methyliodide (1.38 g/ 0.6 ml) - the reaction mixture 
left stirred for 8 hr/ poured over saturated NH^Cl, extracted 
with ethyl acetate/ dried (MgSO^) / solvents evaporated, and the 
residue chromatographed on silicagel. Elution with benzene: 
ethyl acetate: :9:1 gave 0.225 g (42.1%) of (based on recovered 
starting material as 6 on further elution witn benzene: ethyl 
acetate: : 4:1) , bp. ll0°C/0.3 mm. 


tic: benzene: ethyl acetate: Rf. 0.9. 

Mass: m/e: 218 (M+) / 203 (M+-CH 3 ) , 160 (M^-CH^-mu^' '-') , 


48 ; 
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Anal. Calcd for (Mol. wt. 218) . 

C, 71,56; 8,26% 

Pound C, 71.3 : H, 8.2 % 

^ ■ 3340 (N-H) , 3090 (aromatic and 

olef inic C-H) ^ 2940^ 2880 (saturated C-H) , 1630 
(amide carbonyl), 1580, 1520 (secondary amide). 

nmr; 6 (CDCl^) 200 MHz; 1.1 (d, 6H, -NH-CH- (CH^) 2 ^ 3,5 
(sept. IH, -q|-(CH 3 ) 2 , 3.86 (m, 2H, -NH-CH 2 -) / 

5.1 (m, 2H, -CH=CH 2 ), 5.8 (m, IH, -CH=CH,) , 6.22 
(br, IH, -NH-CH 2 ) , 6.42 (t, IH, 5 ' -anthranilic acid), 
6.62 (t, IH, 3 ' -anthranilic acid), 7,15 (m, IH, 

4 ‘-anthranilic acid), 7.25 (d, IH, 6' -anthranilic 
acid) , 

L. Attempted reaction of 3-Allyl-3,4-dihydro-4-oxoquina20line (^) 
with methyl lithium: 

Under nitrogen stirring and ice-cooling 6 (0.5 g, 2.7 m 
mol) was added to a solution of methyllithium (0.141 g, 6.4 m 
mol) in ether (lO ml) - prepared from lithium (0,045 g) and 
methyliodide (0,445 g, 0.2 ml) - the reaction mixture left stirred 
for 8 hr, poured over saturated NH^Cl , extracted with ethyl 
acetate, dried (MgSO.^) , and evaporated to give 0.435 g (87?4). of 
unchanged 6, mp. 65°C. 
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0- Acetyl salt 42 with Sodiumhydride in 
1, 2-Dime thoxye thanes Isolation of 2-Pormylamino-K-allyl 
ben z amide ^9 ) 

Under stirring and nitrogen sodium hydride (1.04 g, 50?4 
active/ 22 m mol) was added to a suspension of the acetyl salt 
4 7 (1.398 g, 5.3 m mol) in dry 1# 2-Dimethoxvethane (100 ml)/ the 
mixture refluxed for 12 hr, cooled, poured over saturated lIH^Cl 
extracted with hexane to remove non polar residues then extracted 
with ethyl acetate, dried (MgSO^) and the residue chromatographed 
on silicagel. Elution with benzenesethyl acetates :9:1 gave 
0.404 g? (69.3%) of 2-Formyl amino-N-propenyl benzamide 49 , 
mp. 109-11°C based on recovered starting material as 6 on further 
elution with benzenesethyl acetates s 17:3. 

49 s Mass: m/e: 204 (M*^), 186. (M'^-H20) , 148 (m'^-HN'^ ), 

120 CO), 9 2 (F^-HN -2C0) . 

Anal. Calcd for CiiKi2^"2°2 2Q4:) . 

C/ 70*21/ H, 6.38; N, 14.89/0 
Found C/ 70.23; H, 6.52; N, 15.0 % 

ir • V (KBr) cm"*^: 3300 (N-H) , 1670 (amide carbonyl), 
max 

1640/ 1600 (C=C) , 1580, 1525 (secondary amide) . 
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nmr: 


6 ( 00013)200 MHz: 1.63 (dd, 3H, -OH-OH 3 ), 4.9 (q, IH, 
= 0H-0H3)., -N-OH=OH), 6.98 (t, IH^ 5'- 


anthranilic acid), 7.35 (m, 2H, 3 * , 4 '-arithranillc 
acid), 7.95 (d, br, IH, -OO-NH-OH) , 8.25 (d, IH, 
NH-OHO) , 8.38 (d, IH, 6 ‘-anthranilic acid). 


LII. Reaction of 0-acetyl salt ^ with Methylmagnesiuir. iodide: 
Isolation of 3— (l*— Propenyl ) — 3, 4— dihydro— 4— oxoquina— 
zoline( 50) 


Under nitrogen stirring and ice-cooling, the acetyl salt 
1 • 58 g, 6 m mol) was added to a solution of methylmagnesium 
iodide (2.05 g, 12.5 m mol) in ether (20 ml) - prepared from 
magnesium (0.3 g) and methyl iodide (I .8 g) - the reaction 
mixture left stirred for 6 hr, poured on to saturated MH^^Cl, 
extracted vjith ethyl acetate, dried (MgSO^) and solvents evapo- 
rated to give 1.065 g (95.85%) of 50, mp. 6 l*^C. 

Mass:m/e: 186 (M*^) , 171 (m'*'-CH 3 ) base peak. 


LIII. Reaction of 3-allyl-3, 4-dihydro-4-oxoquinazoline( 6 ) with 
Trimethylsilyl chloride: Preparation of the 0-Trimethyl 


silyl salt 5i 


Under stirring ice-cooling and protection from moisture 
trimethylsilyl chloride (10 ml excess) was added to a solution 
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of 6 (3 g, 20,5 m mol) in dry ether (200 ml)/ the reaction 
mixture left stirred for 2 hr, filtered/ washed v/ith dry ether 
(3 X 25 ml)/ and dried in vacuo to give 4.7 g (99%) of 51 as a 
white crystalline solid/ mp. 160*^0. 

Mass;m/e: 186 (M'^-Me^SiCl) . 

• ^max^^®^^ CTa~^-. 2600 (br) (salt)/ 1610/ 1580/ 1550 
(C=C/ C=N)/ 960, 900 (Si-0). 

LIV. Reaction of .the trimethyl silyl salt 51^ with n-butyl- 

lithium: Isolation of 2-n-Butyl-3-allyl~l/ 2, 3, 4-tetrahydro- 
4-0X0 gu in azoline (52) and 2-n-Pentylidineainino-N-allyl 
benz amide (53 ) 

Under nitrogen, stirring and ice-cooling a solution of 
the trimethyl silyl salt 52 (4.5 g, 15 m mol) in dry ether (lOOml) 
was added to 0.9M ethereal n-butyl lithium (18 ml, 16 m mol). 

The reaction mixture left stirred for 1 hr, poured over saturated 
NH^Cl/ extracted with ethyl acetate, dried (MgSO^) , solvents 
evaporated in vacuo , and the residue chromatographed on silicagel. 
Elution with benzene: ethyl acetate: :9:1 gave 0,615 g (l6.5/o) of 
52. as a thick viscous liquid, bp. 160°C/0.2 mm. 

Further elution with benzene: ethyl acetate (9:1) gave 
0,650 g (17.45%) of 53 as a viscous liquid, bp. 190°C/0.2 mm. 
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3340 (NH) , 2960, 2920, 2860 
(saturated C-H) , 1690 , (a^iide carbonyl), ■ .• 

1650, 1580 (C=c) . 

nmr: 6(00013)60 MHz: 0,8-1. 9 (m, 9K, butyl), 4.0 (m, 2H, 

3.2 (m, 2H, -CH=CH2) , 3. 6-6, 2 (m, 2H, 

CH=CH2, OH— n— butyl) , 7—7,6 (m, 4H, aromatic). 

^^20 (NH) , 2960, 2930, 2860 (sat. 

CH) , 1640 (br) , (amide carbonyl). 

nmr: 5(00013)60 MKz: 0.8-1. 9 (m, 9H, n-butyl) , 4,5 (m, 

2H, -NH-OH2) , 2H, -0H=0K2)/ 5.9 (m, IH, 

-0H=0H2) , 6. 4-8.0 (m, 6H, aromatic, -N=OH-, -CO-NH-) 

LV . Reaction of 3-Allyl-3,4-dihydro-4-oxoquin azoline (6) with 
Phenyl lithium: Isolation of 2-Phenyl-3-allyl-l, 2, 3, 4- 
tetrahydro-4-oxoquinazoline (54) and 2-Amino-N-allyl- 
benz amide ( 55) 

Under nitrogen, stirring and ice-cooling 0.6M, ethereal 
PhLi, (20 ml, 12 m mol) was added in drops to a solution of 6 
(1.86 g, 10 m mol) in d3:y ether (50 ml). The reaction mixture 
was left stirred overnight, poured over saturated NH^Cl solution, i 
extracted with ether, dried (MgSO^) and chromatographed on silica-; 
gel. Elution v/ith benzene: ethyl acetate: :9:1 gave 1.0 g (35%) of 
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Elution with benzene: ethyl acetate:: 4:1 gave 0.2 g (S. 3 %) 
of 55, np. 95-7°C (lit.^^np. 92-3°C) . 


0 

H 


54.: Mass:m/e: 264 (m'*') , 223 187 






.-,0 


"N 


r+ 


). 


119 ( 


It I 




'•■“'CH 


■ NH 


Anal. Calcd for (Mol. Wt. 264) . 

C, 77.27; H, 6.06% 

Pound C, 77.27; H, 6.06% 

it : ^rnax^^^^^ (NH) , 1630 (amide carbonyl), 

nmr: 6 (CDCl^) 60 MHz: 4. 5-5. 2 (m, 4H, -N-CH 2 -/ -CH=CH 2 ) / 
5.65 (d, IH, -N-CH-0) , 6.4 (m, IH, 6 ’ -quin azoline 
ring), 6.75 (m , ih, 6 ‘ -quinazoline ring), 7.0 (d, 
IH, 7 '-quinazoline ring), 7.2 (s, 5H, phenyl)., 

7.8 (d, IH, 5' -quinazoline ring). 


55 : Mass:ra/e: 176 (M"^) , 120 (m'*'- ) , 92 (m’^-.HN"”'''-'^ 

-CO) . 

ir : V (ICBr) cm”^: 3440, 3320 (NH) , 1640 (amide carbonyl), 
rfi3-X 

1620, 1590 (C=C ) . 

nmr: 5 ( 00012 ) 60 MHz: 4.0 (m, 2H, -N-CH 2 -) , 5.2 (m, 2H, 
-CH=CH 2 ) / 6.0 (m, IH, -CH=CH 2 ) , 6,3-7. 3 (m, 4H, 
aromatic) . 
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LVI . Themolysis of Transformation to 

A solution of ^ (0.5 g, 1.9 m mol) in xylene (5 ml) was 
refluxed for 2 hr/ solvents evaporated and the residue chromato- 
graphed on silica gel. Elution v/ith benzene: ethyl acetate: : 1 : 1/ 
followed by crystallisation from benzene:hexane: : 2: 1 gave 0.3 g 
(90%) of 5^, mp. 95-7'^C/ whose properties were identical to that 
obtained from experiment LV .. 

LVII . Reaction of 3- ( 2 ' -Hydro xyethyl) -3 , 4-dihydro-4-oxoqui- 

nazoline( TV) with Phenyll ithium. : Isolation of 2 -PhenYl- 

3- ( 2 ' -hydro xyethyl) -1, 2, 3 , 4-tetrahvdro-4-oxacruinazoline( 56) 

Under nitrogen, stirring and ice-cooling PhLi (l. 6 g/ 19.5 
m mol) in ether (35 ml) was added in drops to a solution of U? 
(3.0g, 16.0 m mol) in dry THE (lOO ml). The reaction mixture 
was left stirred for 5 hr, poured over saturated HH^Cl solution, 
extracted v;ith THE ( 2 x 100 ml), dried (MgSO^) , solvents evapo- 
rated and the residue chromatographed on silica gel. Elution 

v/ith benzene: ethyl acetate: :2;3 gave 0.723g (33,6%) of 
mp, 115-6°C. 

Further elution with benzene; ethyl acetate:: 3:7 gave 
1.456g (48.53%) of unreacted ^7. 

Mass:m/e: 268 (M*^) , 208 (M"-.H 1 W:H 2 -CH 2 -OH) , 191 (M+- .CgH^) , 

-rcO 

119 ( ^ * 
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Anal. Calcd for (Mol. wt. 268). 

C/ 71.64; 5,97; N, 10.44% 

Found C, 71.8 ; H, 6.2'2; N, 10 , 81 % 

3400 (OH), 3320 (NH) , 1620, 1610, 

1580 (C= 0 ). 

nmr: 6 (CDCI 3 ) 60 MHz: 3.1 (m, 2H, ~N-CH 2 .) , 3.6 (m, 3 H, 

-CH 2 -OH), 4.8 (br, IH, -m-), 5.8 (d, IH, 2‘-quina- 
zoline ring), 6.4 (m, IH, 8 '— quinazoline ring), 

6.8 (m, IH, 6' -quinazoline ring), 7,1 (m, IH, 

' “^i^szoline ring), 7,3 (s, 5H, phenyl), 

7.85 (dd, IH, 5 '-quinazoline ring), 

LVIII. Hydrolysis of 56 with 2 N NaOH: Isolation of anthranilic 
acid(l) 

A suspension of 56 (0.097g, 0.36 m mol) in 2M NaOH (10 ml, 
excess) was refluxed for 5 hr, cooled, admixed v-dth 2N HCl to 
pH 3, extracted with dried (MgSO^) and evaporated to give 

0.043g (84,2%) of 1, whose properties were found to be identical 
to an authentic sample. 

L IX. Reaction of 3- ( 2 ' -Hydroxyethyl) -4-oxO(guinazol ine( YT} with 

n-butyl lithium: Isolation of 2-Butyl-3-(2*-hydroxyethyl)- 
1,2,3, 4 — tetrahydro-4-oxoquinazoline ) 


Under nitrogen, stirring and ice-cooling, n-BuLi (l.l2g. 
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3 3.0 m mol) in ether (60 ml) was added in drops over 1 hr, to a 
solution of (3.0g, 16.0 m mol) in dry -IKF (50 ml), poured 
over saturated IlH^Cl solution, extracted ^-/ith ethyl acetate, 
dried (MgSO^) , solvents evaporated and the residue chromato- 
graphed on silica gel. Elution with benzene: ethyl acetate:: 2 : 3 
gave 0. /S7g (42.64%) of ^ as a while crystalline solid, np. 94 - 5 *^C. 

Further elution wdth benzene: ethyl acetate:: 3:7 gave 
1.587g (52.9%) of unreacted 17 . 

57 : Anal. Calcd for '-24^20^^2^2 248). 

C, 67.74; H, 8.06; N, 11.29% 

Pound C, 68.03; H, 7.76; N, ll,32?^o 

ir : ' 2950, 2800 (sat. 

CH) , 1630, 1570, (C=0) . 

nmr: 6 (CDCl^) 500 MHz: 0,86 (t, 3H, -CH 3 ), 1.25 (m, 4H, 
-CH 2 -CH 2 -CH 3 ) , 1.65, 1.85 (m, m, 2 H, -CH-CH 2 -) , 

3.18 (br, IH, -CH 2 -OH) , 3.63 (br, IH, -NH-CH 2 -) , 

4.65 (m, 2H, -CH 2 -OH) , 6.65 (d, IH, 8 ' -quin azoline 
ring), 6.84 (t, IH, 6 '-quinazoline ring), 7,25 (m, 

IH, 7'-quinazoline ring), 7.85 (d, IK, 5 '-quin azoline 
ring), 3.8 (m, 2H, N-CH 2 -ai 2 -) , 4.0 (m, IH, 2'- 
Guinazoline ring). 
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of 3~^2’~Aminoethyl)^3,4-dihydro-4-oxoquinazollne 
( 24)wxth Lithixim di-n~butyl amide : Isolation of 2-( Di-n-buty 1- 
aminomethenyl) ami no-N- ( 2 ‘ ~ an ilino ethyl) benz amide (_^) 

Under nitrogen, stirring and ice-cooling, a solution of 
24 (0.9g, 3.4 m mol) in dry ether (25 ml) was added, in drops, 
over 0.5 hr to a solution of lithium di-n-butylairdde prepared 
from di-n— butyl amine {0«9g^ 6^9 m mol) and butyl lithium (0*44g/ 

6.5 m mol) . The reaction mixture was left stirred overnight^ 
poured over saturated NH^Cl solution^ extracted with ethcsir# dried 
(MgSO^) , evaporated and the residue chromatographed on silica gel. 
Elution with benzene: ethyl acetate: :4:1 gave 0.325g {26.1%) of 
as a syrup. 

ir : 'i'^^^(neat) cm"^: 3350 (NH) , 2960, 2920, 2860 (sat. CH) , 

III oX 

1670 (amide carbonyl), 

nmr: 6 (CDCl^+DMSO-dg) 60 MHz: 0.6-1. 7 (m, 14H,(-CH2-CH2- 
-CK3 )x 2),3.2 (m, 6H, (-N-CH2-)x2, -N-CH 2 -CH 2 -NH) , 

3.55 (t, 2H, -N-CH 2 ~CH 2 -UH), 6. 2-8. 2 (m», 5H, aromatic, 
-N=CH-N-) . 

LXI . Reaction of 3-(2'-cyanoethyl)-3-4-dihydro-4-oxoquinazoline 
(26) with Phenyllithium: Isolation of 2-Phenyl-l, 2, 3, 4-tatra- 
hydro-4-oxoauinazollne( 59) and 3, 4-Dihydro-4-oxoquinazoline(2) 

Under nitrogen, stirring and ice-cooling, a solution of 
PhLi (2.51g, 30 m mol) in ether (48 ml) was added in drops over 
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1,5 hr to a solution of _26 (3.0g, 15.0 m mol) in dry TKF (50 ml) . 
The reaction mixture was left stirred for 12 hr/ poured over 
brine (lOO ml)/ extracted with ethyl acetate (3x75 ml)/ dried 
(MgSO^) / evaporated and the residue chromatographed on silica 
gel. Elution with benzene: ethyl acetate: : 3 : 2 gave 0.625g (18.5%) 
of f ’TP* 228*^C (li1^.^np. 228°C) . 

Further elution v;ith benzene; ethyl acetate:: 1:1 gave 
0.l82g (6.06?^) of un re acted 26. 

Finally elution with benzene:ethyl acetate:: 1:4 gave 

3 3 

1.280g (65.46%) of 2, mp. 214°C (lit. mp. 216*^0). 

59.: Mass:m/e: 224 (m'^) , 147 (m"^- .CgH^)/ 120 (ir- .CgH^-HCfF) / 

9 2 (m"^- .CgH^-HCN-CO) . 

Anal. Calcd for * 

C/ 75.0; H, 5.36; M/ 12.5% 

Found C/ 74.4; H, 5,67; N/ 12.1% 

Ir • V (KBr) cm""^: 3300/ 3200 (NH) / 1670 (amide carbonyl)/ 
■ max 

1620, 1510 (C=C). 

nmr: 5 <DMS0-dg) 500 FIHz: 5.72 (m, IH, -NH-CH-NH-) , 6.5-7.65 

(m, lOH, aromatic, NH-CH— Ph) , 8.22 (d, IH, — CO— NH— CH) . 



• Hydroly sis of 3-Allyl-3,4-Dihydro-4--oxoquinazoline v/ith 
2N NaOH: Isolation of 2-Ben20ylamino-N-allylbsnzarrdde(^i, 
^-Phenyl-O/ 1 (4H) -benzoxazone (61) and Benzoyl an thr an ilic 
acid (65 ) 


A suspension of 6 (l.Og^ 5.37 m mol) in 2K NaOH (10 ml, 

excess) was refluxed for 1.5 hr, ice-cooled, admixed with benzoyl 

chloride (4x0.4 ml) followed by 2N NaOH (4x2 ml), the mdxture 

well m.ixed, extracted with ether, dried (MgSO^) , evaporated and 

the residue chromatographed on silica gel. Elution with 

benzene -.hexane; ; 1: 1 gave 0,33g (27.5%) of mp. 123-4°C (lit. 

68 o 

mp. 124 C) , whose properties were identical to that of an 
authentic sample (Experiment LXXV) . 

Further elution with benzene: ethyl acetate: :9:1 gave 
0.28g (17%) of 60, mp. 95-6°C. 

The aqueous layer was adjusted to pH 2-3 with cone. HCl, 

filtered, dried and crystallised from hexane:ethyl acetate:: 1:1 

7 1 o 

to give 0.602g (43%) of 65 , mp. 181 C (lit, mp, 181 C) , vjhose 
properties were identical to that of an authentic sample (Experi- 
ment LXIII) . 


Mass:m/e: 280 (k"^) , 224 (M - 


.HN- 


•'>), 203 .CgH^), 


60: 
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Anal, calcd for (Mol. 

C/ 72.8; H, 5 . 7 l% 
Found C, 72.83;H, 5.44% 


7Jt. 


280 



3360 (nh), isso (amide carbonyl), 
1600/ 1590, 1520 (c=c, secondary amide) . 

nmr: 6 (CDCI3) 200 MH. : 4.15 (t, 2H, -N-CH^-) , 5.3 (m, 2H, 
-CH=CH 2 ), 6.95 (m, IH, , 6.7. (s, br, IH, 

-CO-bri-CH^-) , 7.1 (t, IH, 5'-anthranilic acid), 
7.35 (m 6 H, 3,4,5-phenyl ) , 3 ' , 4 ' -anthranilic 

acid, -NK-CO-iZf), 8.1 (d,d, 2H, 2,6-phenyl) , 

8.7 (d, IH, 6 ' -anthranilic acid). 


^ l’^60 (lactone), 1610, 1565 (C=C, C=N) . 

nmr: 6 (CDCI 3 ) ^09 7.55 (( 5 , 4H, 2, 3, 5, 6 — phenyl ), 

7.75 (d, IH, 4-phenyl ), 7.85 (qd, IH, 8 '-benzo- 

xazone ring), 8.25 (dd, IH, 5 ' -benzoxazone ring), 

8.35 (qd, 2H, 6 ', 7 ' -benzoxazone ring). 


LXII3. Preparation of an authentic sample of Benzoyl anthranilic 
acid (65 ) 

Under vigorous mixing and ice-cooling, benzoyl chloride 
(l.4g, 10 ml) was added to a solution of anthranilic acid (l.3 7g, 
10 m mol) in 2N NaOH (10. 0 ml, excess), the resulting clear 
solution adjusted to pH 3 with cone. HCl, filtered, washed V 7 ith 



238 


water, dried and crystallised from benzene: ethyl acetate:: 1:1 to 
give 2.50lg (85%) of 65, mp. 181°C, whose properties were iden- 
tical to that obtained from Experimental LXII 

LX IV. Prepara tion of an authentic sample of 2-Phenvl-3,l (4H) 
benzoxazone^® (6l) 

A mixture of N-Benzoylanthranilic acid (0.05g, 0.21 m mol) 
and acetic anhydride (0.2g, 2.0 m mol) was refluxed for 1,5 hr, 
excess acetic anhydride removed vacuo , the residue admixed with 
dry methanol, solvents evaporated in vacuo , the residue triturated 
with ice-cold methanol, filtered and crystallised from hot metha- 
nol to give 0.03 5g (76%) of §!• 123°C, whose properties were 

identical to that obtained from Experiment LXII . 

LXV. Hydrolysis of 2-Benzoyl amino-N- allylbenz amide ( 60 ) with 
2N NaOH: Isolation of Anthranilic acid(l.) 

h mixture of 60 (0,14g, 0.5 m mol) and 2M NaOH (5 ml, 10 m 

mol) was refluxed for 1.5 hr, during which the starting material 

o 

was consumed (tic). The reaction mixture was cooled to O C, 
adjusted to pH 3 with cone. HCl, extracted with ethyl acetate, 
dried (MgSO^) and evaporated to give O.Oolg (90%) of anthranilic 

r-O-, 

acid, mp. 145 C. 
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• Preparation of N^Formylanthranilic a ci/^62) 

A mixture of anthranilic acid (13. 7g, lOO m mol) and 
formic acid (80%) (I5.8g, 344 m mol) was refluxed for 3.5 hr, 
filtered, powdered, washed with benzene (3x50 ml) and crystallised 
from hot benzene to give 14. 6g (88.5%) of mp. 164-5°C (lit. 
mp. 169 C) . 

LXVII . Hydrolysis of N-Formylanthranilic acid ^ with 2N NaOH: 

Isolation of(_l) 

A mixture of N-Formyl anthranilic acid 62 (2.0g, 12,2 m mol) 
and 2N NaOH (30 ml, 60 m mol) was refluxed for 2.5 hr, cooled in 
ice, pH adjusted to 3 with cone. HCl, extracted v;ith ethyl acetate, 
dried (MgSO^) and evaporated to give (l.412g, 86.3%) of anthra- 
nilic acid (_l) , mp. 145'^C. 

LXI 1 1. Hydrolysis of 6--Nitro-3-allyl-3, 4-dihydro-4-oxoquinazoline 
( 14) vj'ith 0.5N NaOH: Isolation of 5-Nitro anthranilic acid ( 63) 

A mixture of 2A (3.0g, 13 m mol) in 0.5N NaOH (100 ml, 

50 m mol) was refluxed for 2 hr, cooled, the preceipitated 5-Nitro 
anthranilic acid (63) was filtered, washed with cold water and 
dried. The filtrate was adjusted to pH 3 with cone. HCl, 
filtered, washed and dried to give a second batch of 63. The 
resulting filtrate was extracted with ethyl acetate dried (MgSO^) 
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and evaporated to give a third batch of 63. All the three lots 
were found to be identical to give a combined yield of l,8l6g 

'I 

(95%) of 5-Nitro anthranilic acid (63) mp. 274°C (lit.'mp. 275-6°C) . 

LXIX. Hydrolysis of 3-(2*-Diethoxvethvl) -3/ 4-dihvdro-4-oxoquina20 - 
line (8) with 2N NaOH: Isolation of l-Amino-2' / 2 ' -diethoxy 

ethane as the benzoyl derivative ( 64 ) and N-Benzoyl anthra- 
nilic acid( 65) 

A mixture of 8 (5.0g, 19 m mol) and 2N NaOH (80 ml, 160 m. 
mol) was refluxed for 12 hr, the reaction mixture cooled, admixed 
with benzoyl chloride (5,9g, 42 m mol), vigorously mixed, extra- 
cted with ethyl acetate, dried (MgSO^) , evaporated and the 
residue chromatographed on silica gel. Elution v^ith benzene: ethyl 
acetate: :4;1 gave 3.73g (82.5%) of 64 as a thick viscous liquid, 
bp. 115'^C/0.25 mm. 

The aqueous layer was adjusted to pH 3 with cone. HCl, 
filtered, washed with water, dried and crystallised from> hexane: 
ethyl acetate:: 1:1 to give 2.625g (57.2%) of 6b, mp, 181 C whose 
properties were identical to that obtained from Experiment LXIII. 

64 : Mass: m/e; 191 (m'*’-C2H20^^ • 

Anal. Calcd for C^ 3 H^ 9 N 03 (Mol, Wt. 237) . 

C, 65.82; H, 8.01% 

Found C, 65.54; H, 7.8 % 
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‘ ^ * 3345 (NH) ^ 1660 (amide carbonyl)/ 

1605/ 1580/ 1550 (C=C, secondary amide) . 

nmr: 6 ( CDCl^ ) 60 MHz : 1.15 (t, 6H, (-CK 2 -CH 2 ) x2) , 3,5 (m, 

6H/ (-CH2-CH2)x 2, -NH-CH^-) , 4.55 (t, IH, -CH 2 -CH-) / 
6,55 (br, IH/ -C0-KH-) , 7. 1-7. 8 (rU/ 5H/ aromatic) . 

LXX . Hydrolysis of 6-Nitro-3-(2*~diethoxyethyl)-3/4-dihydro-4- 

0 x 0 quin azo line ( 15 ) followed by benzoylation: Isolation 

of 5-Nitro-N-benzoyl anthranilic acid ( 63a ) and 1-Benzo- 
yl amino- 2/ 2- diethoxye thane (64) 

A mixture of (S.Og, 11.4 m mol) and 2N NaOH (50 ml/ 

100 m mol) was refluxed for 2.5 hr, cooled, admixed with benzoyl 
chloride (3.54g, 25.2 m mol), vigorously mixed, extracted with 
ethyl acetate, dried (MgSO^) , solvents evaporated, and the 
residue chromatographed on silica gel. Elution with benzene: 
ethyl acetate: :4:1 gave 2.58g, (86.4%) of 64 , bp. 115 /0.25 mm, 
whose properties were identical to that obtained in ExperijnentLXlX. 

The aqueous layer was adjusted to pH 3 with cone. HCl, 
filtered, washed with water and air dried. The filtrate was 
extracted with ethyl acetate, dried (MgSO^) and evaporated to 
give a second lot of 63a. The combined lots on crystallisation 
from hot ethyl acetate gave 2.42 2g (77.6%) of 6^, mp. 255 C 
(lit. mp. 257-8*^C) . 
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• Hydrolysis of 3~(2‘-Nitroethyl) -3,4-d ihydro-4-oxoqui- 
nazoline (j^) with 2N NaOH followed by benzoylation: 
Isolation of 2-Phenyl~3, l(4 H)benzoxazone (6a) 

A mixture of il.Og, 5,56 m mol) and 2N NaOH (10 ml, 

20 m mol) was refluxed for 2 hr, cooled admixed \inder vigorous 

shaking with benzoyl chloride (l,92g, 13.7 m mol), adjusted to 

pH 3 with cone, HCl, extracted with benzene, dried (MgSO^) , 

evaporated and the residue chromatographed on silica gel. Elution 

with benzene : hexane: : 1:1 gave 0.622g' (61,1%) of which was 

S8 

crystallised from hot hexane, mp. 123-4°C (lit. mp. 124°C) which 
was identical to that obtained from Experiment LXIV. 

LXXII, Hydrolysis of 3-Benzoylamino-3, 4-dihydro-4-oxoquinazoline 
( 3l ) with 2N NaOH: Isolation of 0-Aminobenzoyl' hydrazine 
(66) 1-Benzoyl- 2-o~aminobenzoyl hydrazine (67) and Anthra- 
nilic acid (l) 

A solution of 31. (5.0g, 21.3 m mol) in 2N NaOH (100 ml, 

200 m mol) was refluxed for 16 hr, cooled, extracted with ethyl 
acetate (250 ml) dried (MgSO^) and concentrated ( «« 10 ml), cooled 
and filtered to give 0.126g (4.54%) of ^ as white crystalline 
solid, mp. 178^0. 

The filtrate was further concentrated ( *^ 2 ml) and chromato- 
graphed on silica gel.» Elution with benzene : ethyl acetate. .7.3 
gave additional quantity of O.lg (3.6%) of 67. 
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Further elution with ben2ene : ethyl acetate:: 1:4 gave 
0.294g (17.9%) of as white cr^rstals, mp. 123°C (litl^mp. 121°C). 

The aqueous layer was adjusted to pH 3 with cone. HCl, 
washed with ice-water, dried extracted with ethyl acetate and 
tne residue on crystallisation from hot ethyl acetate gave 2.11g 
(42.2%) of unchanged 3_1, irp, 189°C. 

The ethyl acetate extract on ev^oration gave 1.086g 
{13%) of anthranilic acid ( l) , mp. 146°C, 

66: ir : (KBr) cm 3440, 3320 (MH^) , 1650 ( arrtide 

carbonyl), 1620, 1580 (C=C ). 

nmr: 6 (DMSO-dg) 500 MHz: 6.22 (s, 4H, -CO-NH-HH2" “C5H4-NH2) , 
6.4 (t, IH, 5 '-anthranilic acid), 6,62 (d, IH, 3*- 
anthranilic acid), 7.05 (t, IH, 4 '-anthranilic acid), 
7.73 (d, IH, 6' -anthranilic acid), 9.4 (s, IH, 

-CO-NH ) . 

67 : Mass:ra/e: 255 (M*^) . 

Anal. Calcd for (Mol. Wt. 255) 

C, 65.88; H, 5.1 % 

Found C, 65.50; H, 5.37/0 

ir • V (KBr) cm“^: 3400, 3280 (br) (NH„) , 1650 (amide 
max ^ 

carbonyl), 1620, 1575 (C=C ). 

nmr; 6 (DMSO-dg) 500 I4Hz: 6.3 (s, 2H, -NH2) , 6.42 (t, IH, 

5 ' -anthranilic acid), 6.65 (d, IH, 3 ' —anthranilic acid). 
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7.18 (t, IH, 4'-anthranilic acid), 7.48 (t, 2H, 

3.5- phenyl}. 7.55 (d, IH, 4-phenyl ), 

7.6 (d, IH, 6'-anthranilic acid), 7.9 (d, 2H, 

2.6- phenyl), 10.2 (br, 2H, -NH-NK-) . 

LXXIII. faction of Meth yl an thranll ate with Hydrazine: Prenara- 
tion of o-Aminobenzoyl hydrazine (66) 

A mixture of methylanthranilate (0.5g, 3,3 m mol) and 
hydrazine hydrate (100%) (iml, excess) was reflxixed for 5 hr, 
excess hydrazine removed in vacuo and the residue on crystalli- 
sation from benzene: hexane: : 1:1 gave 6.389g (77,8%) of 66 , 
mp. 124'^C whose properties were identical to that obtained from 
Ejq^eriment LXXII. 

LXXIV. Establishment of the intermediacy of _67 in the ^ ^ 1 

change: Reaction of l-Benzovl-2-o-aminobenzovlhvdraz ine ( 67) 
with 2N NaOH: Isolation of anthranilic acid (,1) 

A mixture of 67 (O.lg, 0.3 m mol) and 2N NaOH (lO ml, 20 m 
mol) was refluxed for 3 hr, cooled, adjusted to pH 3 with cone. 

HCl, estracted with ethyl acetate, dried (MgSO^) and solvents 
evaporated to give 0,04g (75%) of 1 . 
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^egioselective alkylation of Adenine (68) : Preparation 
of 9-Ben2yladenine^^ 

Under vigorous stirring and protection from moisture, 

benzyl bromide (l.438g, 8.41 m mol) was added over 0.25 hr to a 

suspension of the sodium salt of adenb^-e — prepared by reaction 

of NaH (0.25g, 18.4 m mol) during 2 hr with adenine (l.Og, 7.4 m 

mol) in dry DMF (25 ml) . The mixture was left stirred for 16 hr, 

cooled in ice, filtered, washed with methanol, dried in vacuo 

and crystallised from hot methanol to give 0.435g (26.1%) of 

6 X 

9 -benzyl adenine (^)/,mp. 234- 5°C (lit. np, 235°C) . 

nmr: 6 (DMSO-dg) 100 MHz: 5,4 (s, 2H, , 7.3 (m, 5H, 

phenyl), 8 (s,s, IH, IH, 2*, 8 '-purine ring). 

LXXVI. Benzylation of 69: Preparation of 1,9-Dibenzyladenine(70) 

Under stirring and protection from moisture, benzyl bromide 
(0.4 ml, 3 m mol) was added to a solution of 9-Benzyladenine (0.5g, 
2 m mol) in dry DMF (20 ml), left stirred for 12 hr, solvents 
evaporated in vacuo , the residue dissolved in minimum amount of 
methylene chloride, treated with a few drops of dry ether to 

(^j-ysOallisation, filtered, washed wis-h CH 2 CI 2 “ether. .1.1 
(2x5 ml) and recrystallised from methanol to give 0.5g (7l,4%) of 
70, np. 155-65°C ( lit. np."* 163-72°C) . 
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Mass:m/e: 315 (m'*’) , 224 (M'^-CgHg-CH*^) , 197 (M'^-CgH^-CH^-HCN) , 
106 (M^-2CgH^-CH2,-HCN) . 

3400 (br) (NH) , 1670 (C=NH) , 1620, 

1575, 1520 (C=C, C=N) . 

nmr: 6 (DMSO-dg) 200 MHz: 2.25 (s, IH, =NH) , 5.45 (d, 4H, 

-CH2-Cgy^x2) ,7.3(m, 10H,phenylx2) , 8.45, 8.65 (s,s,lH, 

IH, purine ring) , 

LXXVII. Reaction of 9-Benzyl adenine ( 69 ) with 1-Bromo- 2- hydroxy 
ethane: Isolation of l-(2'-HYdroxyethyl) -9-Benzyl- 6- 
iminopurine (7l) 

Under stirring, 1-Bromo- 2- hydroxy ethane (l.89g, 1.51 m mol) ; 
was added to a solution of 9 -Benzyl adenine (0,34g, 1.51 m mol) in 
dry DMF (20 ml) held at 60°C. The reaction mixture was left 
stirred at 110-20*^0 for 24 hr, solvents evaporated vacuo , the 
residue dissolved in minimum amount of hot methanol, cooled to 
0°C, filtered washed with ice-cold me thanol:ether: : 2: 1, dried in 
vacuo and crystallised from methanol: ether: : 2: 1 to give, 0.2g 
(49.26%) of 71, mp. 252°C. 

Mass:m/e: 251 (M'^'-H^O) . 

ir • 0^ (KBr) cm“^: 3400 (br)OH, 3340 (NH) , 1680 (C=NH) . 
max 

nmr: 6 (DHSO-d^) 500 MHz: 3.75 (br, 2H, , 4.45 (br, 

2 H. -O-CH^-)/ 5.55 (s. 2H, . 7.4 (s. 5H. 

phenyl), 8.6, 8.7 (s,s,lK, IH, purine ring). 



247 


LXXVIII. Benzylation of 9-Benzylhypoxanlhln6 im ; Preparation of 
1, 9-Dibenzyl- 6 -oxopurine (72) 

Under stirring and protection from moisture, benzyl bromide 
(0*l71g, 1*2 m mol) followed by freshly ignited and cooled K 2 CO 3 
(O^lSg, 1.2 m mol) was added to a suspension of ^ {0.226g, 1 m 
mol) in dry DMSO (5 ml). The reaction mixture was left stirred 
for 12 hr, filtered, the filtrate poured over cirushed ice, the 
separated solid filtered, v/ashed with ice-cold water ( 3 x 100 ml) 
air dried at 90—100 C and crystallised from hot ethyl acetate to 
give 0.23 5g (74-. 3 6%) of 72/ mp. 205°C (litPmp. 208°C) . U 

LXXIX. Reaction of 9-Benzylhypoxanthine (£3) with l-Bromo-2-hydroxj 
ethane : Isolation of l-(2'-Hydroxyethyl)-9-benzyl“6- 
oxopurine ( 73 ) 

l-Eroino- 2 -hydroxyethane (0.725g/ 6 m mol) was added to a 
stirred suspension of the sodium salt of 9-Benzylhypoxanthine - 
prepared from 4^ (0.9g/ 3.98 m mol) and NaOMe (6.08 m mol) in dry 
methanol (50 ml) - refluxed for 8 hr, solvents evaporated in vacuo i 
the residue dissolved in min imtam amount of water/ adjusted to pH 7 

with cone. HCl/ filtered/ washed with ice-cold water, dried and i 

o 

crystallised from methanol to give 0.353g (42.6%) of 73.^ mp* 172 C. 

The methanol extract, on evaporation gave unreacted 43, 

0.207g (23%). 
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Anal. Calcd for (Mol. Wt. 270) 

C, 62.22; 5.1®o 

Found C, 61.55; 5,33% 

(OH) , 1700 (amide carbonyl)/ 
1600/ 1570/ 1550 (C=C/ C=N) . 

LXXX. Reaction of 4-Chloroquinazoline (4) with Acetoxime: 
Isolation of oxime ether 74 

Under stirring and at 0 °C/ 4-chloroquinazoline (4) ( 2 . 0 g/ 
12.1 m mol) was added to a solution of the sodium salt of aceto- 
xime - prepared by mixing ice-cold saturated solutions of aceto- 
xime (l.Og, 13.7 m mol) and sodium hydroxide ( 0 . 6 g/ 15 m mol) - 
left stirred for 3 hr, extracted with ether/ dried (MgSO^) and 
solvent evaporated to give 2 . 2 g (90%) of 74 as a viscous liquid. 

Anal. Calcd for (Mol. wt. 201) 

C/ 70.96; H/ 5.37; N/ 15.07^4 
Found C/ 71.0 ; H/ 5.21; K/ 15.1 % 

ir- • V (neat) cm 1620/ 1570 (C=C/ C=N) . 
max 

6 (CDCl 2 ) 60 MHz: 1.95 (s/ 6 H/ -N=CkCH 2 ) 2 / 7. 1-8.0 (m/ 
4H/ 5 ' / 6 ' / 7 ' / 8 '-quinazoline ring)/ 8.66 (s/ IH, 

2 ' -quinazoline ring). 


nmr: 
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Pyrolysis of oxime ether 74; Isolatio n of 75 

Under nitrogen, the oxime ether 74 (l.Og, 4 m mol) was 
held at 160 ^ for 6 hr, extracted with methylene chloride, 
solvents . evaporated and the residue on preparative tic withEtOAc 
as developer gave 0.259g {2m of 75, rap. 205°C. 

Mass:ra/e: 161 (m'*’) 

■ ^max**^^^ 3340 (br), (0H,NH.), 1685 (C=M-OH), 

1585, 1560, 1520 (C=C, C=:N) . 

nmr: 5 (DMSO-dg) 500 MHz; 7.48 (ra, IH) , 7.63 (t, IH) , 

7.76 (m, 2 h), 8.1 (m, 2H) , 8.32 (s, IK). 

LXXXII. Reaction of 4-Chloroquinazoline (4) with hydrazinehy- 
— — ^ ^ 

drate (100%); Preparation of 4-Hydrazinoquinazoline (76) 

Under stirring and at 0*^0, a mixture of 4 (l.Og, 6.08 m mol) 

and hydrazine hydrate (100%) (10 ml, excess) was left stirred 

overnight, filtered, washed with chilled methanol (3x5 ml) and 

crystallised from pyridine to give 0.78g (80%) of 76 as pale 

"73 

yellow needles, rap. 185-6'^C (lit. mp. 188-9 C) . 

ir : V (KBr) cm~^: 3320, 3200 (NH,),1640, 1620, 1580 
max 

( C=C, C=N) . 
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of 76 with acetone: Preparation of 4- Isoprop- 
yl idine hydr az Inoqu in azol in e ^ ( 7 7 ) 

A solution of 76 {l.Og, 6.25 m mol) in acetone: ethanol 
(4.1, 25 ml) was refluxed for 6 hr, solvents evaporated vacuo , 
the residue triturated with dry ether, decanted, evaporated in 
and crystallised from benzene: ethyl acetate:: 1:1 to give 
l-lSg (95%) of 77 as pale yellow needles, rtp. 174-5'^C (lit.”^^ 
mp. 177°C) . 

Tic: ethyl acetate: Rf: 0,6 

ir : 1615, 1560 (C=C, C=N) . 

LXXXIV, Attempted Fischer- Indole cyclisation of 77 with PPA: 

Isolation of 2, 4-Bis-O-aminophenyl-l, 2,4-triazine(78) 
and. 3,4-Dihydro-4-oxoquinazoline (2) 

An intimate mixture of 77 (2.5g, 12.5 m mol) and PPA. 
(20.0g, excess) was heated gradually to leo'^C in 0.5 hr and held 
at 190°C for 3 hr. The reaction mixture was cooled, admixed with 
water (200 ml), adjusted to pH 7-8 with saturated ^3200^ solution, 
extracted with CH 2 CI 2 , dried (MgSO^) , solvents evaporated and the 
resid\ae chromatographed on silica gel. Elution with benzene : ethyl 
acetate: :7: 3 gave 0.21g (9.65%) of the triazole 78, as fine while 
needles, rap. 205-6*^C. 
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Further elution with benzene: ethyl acetate:: 2: 3 gave 
unchanged 22 (i.05g, 42%) and with benzene: ethyl acetate: :1:4 
gave 3, 4-Dihydro-4-oxoquinazoline ( 2 ), 0.425g (38. ©0 mp. 212 . 

7 8 : Mass: m/e: 251 (m"^) 

Anal. Calcd for (Mol. wt. 251) 

C, 66.93; H, 5,18% 

Found C, 67.9 ; H, 5.3 2°% 

34Q0, 3340 (NH^)^ 1610^ 1575, 

1550 (C=C, C=N) . 

nmr: 6 (DMSO-dg) 500 MHz: 6.64 (t, 2H, 5'-ring), 6.81 (d, 

2H, 3 '-ring), 7.14 (t, 2H, 4'-ring), 7.83 (br, 2H, 

6' - ring) . 

LXXXV. Reaction of 9-Benzyl- 6-chloropurine 2^ with acetoxime 
Preparation of oxime ether 22 . 

Under stirring, 36 (O.Sg, 2.05 m mol) was added during 
0.25 hr to a solution of the sodium salt of acetoxime - prepared 
from mixing concentrated ice-cold aqueous solutions of acetoxime 
(0.224g, 3.1 m mol) and NaOH {0.122g, 3.3 m mol), left stirred 
for 20 hr, filtered, washed with distilled water (3x50 ml) and 
dried in vacuo to give 0,345g (61.6%) of 22.* *0. 
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Anal. Calcd for (Mol. wt. 28l) 

C/ 64,05; E, 5,34; N, 24.91% 

Pound C, 64.03; H, 5.23; 24.64% 

^ 1590, 1570 (C=C, C=N) , 1060 (C-0) . 

nmr: 6 (CDCI3) 60 MHz: 2.2 (d, 2H, ^E=CiCE^) , 5.4 (s, 2H, 
~CH2~i^) , 7.3 (s/ 5H, phenyl), 7.9 (s, IH, 8'-purine 
ring), 8.7 (s, IH, 2 '-purine ring), 

LXXXVI. Attempted thermal cyclisation of 79 

Attempted cyclisation of 79, either neat at 180°C or in 
refluxing 0-dichlorobenzene gave intractable mixtures. 

LXXXVII. Reaction of 7-Benzvl-6-chloropurine (37) with ace'toxime: 
Preparation of oxime ether 80 

Under stirring _32 ^l*5g/ 5.3 m mol) was added to a solution 
of the sodium salt of acetoxime - prepared from mixing ice-cold, 
aqueous, saturated solutions of acetoxime (0,582g, 7,9 m mol) and 
NaOK (0.3l7g, 7.9 m mol) - left stirred for 20 hr, filtered, 
washed with distilled water (3x20 ml), dried in vacuo and crys- 
tallised from benzene:ethyl acetate; :1:1 to give 0.85g (59^8%) of 
80, mp. 155°C. 

Anal. Calcd for (Mol. Wt. 267) 

C, 64.05; H, 5.34; N, 24.91% 

Found C, 64.12; H, 5.38; N, 25.12% 
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1610, 1545 (C=C, C=N) , 1040 (C-0) . . 

nmr: 6 (CDCl^) 60 MHz: 1.9, 2.1 (s, s, 3H, 3H, -N=C(CK 3 ) 2 ), 

5.6 (s, 2H, , 7.1 (m, 5H, phenyl), 8.0 (s, IH, 

8 '-purine ring), 8.6 (s, IH, 2 ‘-purine ring). 

LXXXVIII. Attempted thermal cycl is ation of 80 

Under nitrogen, ^ (0.267g, l m mol) was held at 165^C for 
4 hr. The dark residue consisted of a mixture of products (tic) 
which was found intractable. 

LXXXIX. Reaction of 9-Benzyl- 6-chloropurine ( 3 6 ) with Hydrazine 
hydrate (100%) : Preparation of 9-Benzyl- 6- hydrazino- 
purine ' (.81) 

A mixture of (l.Og, 4.1 m mol) and hydrazine hydrate 
(100%) ( 10 ml, excess) was left stirred at 0°C for 0.5 hr, 

filtered, washed with n-butanol, dried vacuo and crystallised 
from hot methanol to give 0.85g (86,6%) of 8^, mp. 209 C (lit. 
mp. 209-10°C). 

Anal. Calcd for C^2^^2”6 

C, 60.0 ; H, 4.65% 

Found C, 59.64; H, 4.65% 
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under stirring end Ice-cdollng 41 (l.Og, e.35 m ,„dl) was 

added to a solution of the sodium salt of aoetoxlme - prepared 

from mixina of ice-rolt^ j , . 

rated solutions of acetoxime (0.9l5g^ 

12,5 m mol) and NaOH (0,5a to ^ ^ ^ 

vu.og, 12.5 m mol) - m 0.5 hr. left stirred 

for 0.5 hr. filtered, washed with ice-cold distilled water, dried 

vacuo and crystallised from hot ethyl acetate to give 1.75g 

(75.9%) of mp. 135°C. 


Anal. Calcd for (Mol. Wt. 275) 

C. 56.72; H. 6.18% 

Found C. 56.28; H. 5.98% 

2950. 2810 (saturated C-H) . 1590. 

1570. 1540 (C=C. C=N). 1050 (C-0) . 

nmr: 6(00013)60 MHz: 1.9 (m. 6H, THP ring). 2.1. 2.2 (s, s, 
3H. 3H. -N=0(0H3)2). -O-OH^-) . 5.6 (m. IH. 

N-OH-0) . 8.0 (s. IH. 8*-purine ring), 8,5 (s. IH. 2'- 
purine ring) , 


XOI. Atterrpted thermal cyclisation of 82 '. Isolation of 9-(2'- 
Tetrahydropyranyl) -6-oxopurine (83) 

Under nitrogen. 8^ (l.Og. 3,63 m mol) was held at 140^0 for 
1 hr. The dark residue was extracted with hot ethyl acetate. 
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solvents evaporated and the residue on preparative tic using 
ethyl acetate as developer gave O.llg (20. W) of M as a white 
crystalline solid, rnp. 198-200°C. 

Massrrr/e: 220 (m'^) 

Anal. Calcd for (Mol. wt. 220) 

C., 54.5 ; H, 5.45% 

Pound C, 54.72; H, 5,59% 

(NH) , 1690 (amide carbonyl). 

nmr: 6 (DMS0~dg) 200 MHz: 1.4-1. 9 (m, 6H, THP ring), 3.75 (m, 
2H, -O-CH^-)/ 5.6 (m, IH, -N-CH-0-), 8.1 (s, IH, 8*- 
purine ring), 8.3 (s, IH, 2‘-purine ring). 

XCIX, Reaction of Anthranilic acid (1.) with KCNO : Preparation of 
1, 2, 3, 4-Tetrahvdro-2, 4-dioxocruinazoline'^( 84) 

Under stirring and ice-cooling a solution of potassixam 
cyanate (15g, 185 m mol) in distilled water (50 ml) was added 
over 0,5 hr to a solution of anthranilic acid (20,0g, 146 ra mol , 
in AcOH-.H^O (11:700, 711 ml), prepared by warming. The resulting 
pasty mass was left stirred for 0.5 hr, admixed with solid NaOH 
(200g, 5000 m mol), maintaining the temperature below 40°C, left 
aside over night in the refrigerator, filtered, washed v/ith ice- 
cold water (250 ml) and dried to give 25. 5g (85.5%) of the 
disodixm salt of 84 , which was dissolved in water (lOOO ml), held 
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at 90 C and under stirring treated with, in drops^ H_S0, :K„0: : 1: l 

W ^ 

until acidic, cooled, filtered, washed with water (200 ml) and 

dried at 100°C to give 20. Ig (85%) of np. > 360°C (lit.'^'^ 
mp. > 3 60°C). 

XCIII. Reaction of ^ with POCl^: Conversion of 2,4-Dioxo~ 
quinazoline to 2,4— Dichloroquinazoline ( 85 ) 

A mixture of 84 (lO.Og, 61.7 m mol) and POCI 3 (20 ml, 215 m 
mol) was held at 160^C for 16 hr, the hot solution poured over 
crushed ice (250g), filtered, pressed free of water, extracted 
with ether (3 50 ml) washed with IN NaOH (2x100 ml), water (lOO ml! 
dried (MgSO^) and solvents evaporated to give I0.25g (83.4%) of 
85 , mp. 118°C (lit. mpJ^llS^C) . ■ | 

XCIV, Reaction of 8 ^ with Ethylene chlorohydrin: Preparation of 

jg 

2-chloro-4- ( 2 ' -chi oro ethoxy) quinazoline 86 ! 

Ethylene chlorohydrin (6.4g, 81.1 m mol) followed by freshly 
ignited K^CO^ (ll. 2 g, 81.1 m mol) was added to a stirred solution 
of ^ (8,0g, 40.2 m mol) in dry acetone (120 ml). The reaction | 
mixture was refluxed for 5 hr, cooled, filtered, solvents ev^o- j 
rated, the residue dried in vacuo , extracted with hot benzene and; 
solvents evaporated to give 8 . 6 g (87.6%) of 86 , rrp. 103 C (lit. 
mp. 103°C) . 

ir : 2^ (KBr) cm"^; 1610, 1570, 1550 (C=C, C=N) , 1100 (C-0) 
max I 
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nmr: aCCDCljjeO MH.: 3.85 (t, 2H, -O-ajj-), 4.8 (t, 2H, 

^—2 7.2-7.85 (m. 3H. 6' . 7' .8'-quinazoline ring), 

8.1 (m, IH, S'-quinazoline ring). 

XCV, rhermal rearrangement of Preparation of 2“Chl03ro-3- 
( 2 ' -chloroethyl) -3 , 4-dihy dro--4-oxoquinazoline^^( 87) 

Compound 86 (6.0g, 24.8 m mol) on distillation at 176*^/1.1 mi 
gave 4.8g (80%) of mp. 92°C (lit.^ itp. 92°C) . 

cm"^: 1680 (amide carbonyl), 1580, 1560 
(C=C, C=N). 

nmr; 6(CDCl2)60 MHz: 3.8 (t, 2H, -N-Oi^-) , 4.6 (t, 2H, 

~CH2~C1) , 7. 2-7.9 (m, 3H, 6 ' , 7 ‘ , 8‘-quinazoline ring), : 
8.1 (m, IH, 5 '-quin azoline ring). 

XCVI. Reaction of 87 with Aniline; Preparation of 1-Phenyl- 

1 , 2, 3, 5-tetra.hydro-5-oxoimidazo- [2, 1-b] quin azoline (88) 

Aniline (l.9g, 20 m mol) was added to a stirred solution of : 
87 (2.4g, 10 m mol) in absolute ethanol (25 ml). The reaction 
mixture was refluxed for 1.5 hr, cooled, filtered, washed with 
distilled water (3x10 ml) followed by ethanol (3x5 ml) , dried and 

crystallised from hot benzene to give 2.1g (81.2%) of iTp.l65°< 

80 o ^ 

( lit, mp. 165 C) . 
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arr^': 1670 (andde carbonyl), 1620, 1580, 

1'50 (c,’=c, v,:=N) . 

nii'.r: 0 uO Wiz: 3.85 (m, 4H, -N-CH^-CH^-N-) , 7. 2-8.3 

fns, OH, aromatic). 

ion of with NaSH^/AlCl^: Isolation of l-Phenyl- 

3 , 3, H-tetrahydroimidazo- [2,1-b] quinazoline (89) 

.suin'. icn of the AlCl^ complex of 88 - prepared by addition 
of Alt*'] , (.',66q, h m mol) over 0.5 hr to a stirred and cooled 

J 

solution of 83 {l.3lg, 5 m mol) in dry diglyme (125 ml) - 
v/a.s atided in drops to a solution of NaI3H^ (0.95g, 25 m mol) in dry 
dit.iiyine. The reaction mixture was left stirred at 85°C for 1.5 hr, 
cooled to rt, admixed v/ith water (30 ml) followed by cone. HCl 
( ml), evaporated on a water bat i, the residue was triturated 

with etliyl acetate, the organic extract discarded, the residue 
dlsr.olvcd In water, made alkaline with NH^OH, the white solid 
sGj.'sarated war. filtered, washed with distilled water, dried and 
cryrtial 1 ised from benzene to give l.lg (83.3%) of 89 as colourless 
prisms, mp. 188-90*^0. 

Massj m/e: 249 Cm"^) 

ir ; V (KBr) cm“^: 1620, 1580, 1560 (C=C, C=N) , 

' max ' 



259 


nmr: 6(CDCl2)60 MHz: 3-2 (m, 2H, ^ 3.7 (m, 2H, 

“CH 2 '-CH 2 -N- 0 ) , 4.2 (s, 2H, 4 ' -quinazoline ring)/ 

6 , 7-7. 4 (iTi/ 3H, 6 '/ 7 *, 8 ’-quinazoline ring)/ 7.75 (dd/ 
IH/ 5 '-quinazoline ring). 

XCVIII. Reaction of 8 ^ with Phenyl lithiiam: Isolation of 1,5- 

Diphenyl- 1 / 2/ 3/ 5-tetrahydroimidazo- [2/1-bJ quinazolineCS 

Under stirring, nitrogen and ice-cooling 1.3M PhLi (0,8 ml, 

1 m mol) v;as added to a solution of ^ (O.lSlg, 0.5 m mol) in dr^ 
THF (15 ml) during 0.25 hr, the mixture left stirred for 2 hr, 
poured over saturated NH^Cl solution, extracted with CH 2 CI 2 / drie 
(MgSO^)/ evaporated, the residue successively washed with dry 
ether and hot dry benzene and crystallised from hot methanol to 
give 0.l42g (87.7%) of 90, mp. 193-5®C. 

Mass: m/e: 325 (M"*") , 324 (^■i’^-H.) . 

ir : cm“^: 3030 (aromatic CH) , 1630, 1570, 

(c=c ) . 

nmr: 6 (CDCl 2 +DMSO-dg) 90 MHz; 3.3 (m, 2H, 3 '-ring), 3.75 (m, 
2H, 2‘-ring), 6 . 5-8.0 (m, 15H/ 5'-ring/ aromatic). 

XCIX. Reaction of ^ with Trimethylsilyl chloride: Isolation of 
the 0 - trimethylsilyl salt 92 


Under stirring, nitrogen and ice- cooling, trimethylsilyl 
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chloride (5 ml, excess) was added to a solution of 1-phenyl- 
1, 2, 3, 5-.totrahydro-5-oxoimidazo~ [ 2, l~b] quinazoline 88 (2.0g, 

7,6 m mol) in dry ether (20 ml), the reaction mixture left 
stirred for 1 hr, filtered, washed with hexane and dried in vacu< 
to give 1.7g (60.13%) of the o- trimethyls ilyl salt 92 as white 
needles, mp. 253*^C. 

it : 2300-2700 (br) (salt) . 

C. Attempted reduction of 92 with NaBH^/CH^OH: Isolation of 88 

A solution of (l.Og, 28 m mol) in dry methanol 

(10 mi) was added to a stirred and ice-cooled suspension of _92 
(l.8g, 4 m mol) in dry ether (25 ml). The reaction mixture was 
treated with acetic acid (1 ml), evaporated in vacuo , admixed wif 
water and extracted with CH^Cl^ (3x50 ml), dried (MgSO^) and 
evaporated to give 0.97g'(92%) of 88 , rrp. 164 °C, 

Cl. Attempted reduction of the o-trimethylsilyl salt 92 with i 

Diborane 

Under nitrogen, stirring and ice-cooling, a 1.6M THF i 

solution of diborane (5.5 ml, 12.5 m mol) was added to a solution! 
of 92 (l.Og, 2.8 m mol) in dry TKF, left stirred for 6 hr, j 

adjusted to pH 4-5 with acetic acid, solvents evaporated Jm vacuo j 
the residue dissolved in water, extracted with CH 2 CI 2 , dried 
(MgbO^) and evaporated to give 0,9g (87%) of 88, mp, 165'^C. 
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■" i. i . Koaction of the trimethylsilyl salt ^ with NaBH^: Isolation 
of 3-fJLlyi-l, 2^ 3, 4-tetrahydro-4-oxoq;uinazoline (91) 

Under stirring and ice-cooling/ a solution of NaBH^ (2g/ 
‘''2,6 rn niol) in methanol (15 ml) was added to a suspension of 51. 
tl.S'i, 4.4 m mol) in dry ether (25 ml), left stirred at rt over- 
n i I'ht, adudxcd with acetic acid (2 ml), solvents evaporated in 
yjcjo, the residue dissolved in ether, washed with saturated 
• iguuiuu:; dried (MgSO^) , evaporated and the oil distilled 

to :ive 1(1 (95'/.) of 91, bp. 200°C/0.2 rrm. 

ir : y , . (neat) cm“^: 3300 (NH) , 1670 (amide carbonyl), 

ni 

1640, 1610 (C=C). 

nmr: 6(97)01^)60 MHz: 4.1, 4.5 (m, m, 2H, 2H, N-CH^-CH, 

K-CH^-N), 5.2 (rn, 2H, -CH=CH 2 ) / 5.9 (m, 2H, -CH=CH 2 ) , 
u.5-8.3 (rn, 4H, aromatic). 
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